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Microtensile  bond  strength  (�TBS)  test  was  introduced  in 1994.  Since  then,  it  has  been  utilized  pro-
foundly  across  many  bond  strength  testing  laboratories,  making  it  currently  one  of  the  most  standard
and  versatile  bond  strength  test.  Although  it is  a  static  and  strength-based  method,  together  with  the
morphological  and  spectroscopic  investigations,  it has  been  contributing  immensely  in the  advancement
of dentin  adhesive  systems.  �TBS  test  has  a greater  discriminative  capability  than  the  traditional  macro-
shear  bond  test.  During  the  early  stage  of  its development,  the  authors  predicted  that  this  testing  method
would  enable  evaluation  of  the  adhesive  performances  of resins  to  excavated  carious  or  sclerotic  dentin
and  the regional  bond  strengths  of  various  portions  of  the cavity.  In addition,  they  also  stated  the pos-
inimal intervention
esin composite

sibility  of comparing  the  long-term  stability  of resin  adhesion  at various  portions  of  the  cavity  walls  on
teeth  extracted  at various  times  after  insertion  of  bonded  restorations.  In this  review,  we  discussed  the
historical  background,  inception  and  the  application  of the  �TBS  test  and  proposed  directions  for  further
improvement  of this  testing  method.

© 2019  Published  by  Elsevier  Ltd on behalf  of  The  Japanese  Association  for Dental  Science  This is an
open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/
. Introduction

New concepts in operative dentistry proposed by Fusayama [1]
pened up new treatment strategies by means of advanced knowl-
dge in cariology and introduction of dental adhesives. Restorative
rinciples proposed by GV Black [2] such as “Extension for Preven-
ion”, “Retention Form” and “Resistance Form” have been modified
nd/or replaced by “Minimal Invasive Dentistry” [3]. Minimal
nvasive (MI) approach of cavity preparation basically aimed to

inimize the reduction of tooth substances to preserve maximum
ound tooth structure.
Enamel adhesion introduced by Buonocore [4] has been
egarded as reliable and characterized by strong bonding between
namel and adhesive resin (Fig. 1). The mechanism of enamel

∗ Corresponding author.
E-mail addresses: sano@den.hokudai.ac.jp (H. Sano),

howdhuryafma@den.hokudai.ac.jp (A.F.M.A. Chowdhury),
ipop.sai@mahidol.ac.th (P. Saikaew), mmatsu@den.hokudai.ac.jp (M.  Matsumoto),
oshika@den.hokudai.ac.jp (S. Hoshika), myamauti@den.hokudai.ac.jp
M.  Yamauti).

ttps://doi.org/10.1016/j.jdsr.2019.10.001
882-7616/© 2019 Published by Elsevier Ltd on behalf of The Japanese Association for D
reativecommons.org/licenses/by-nc-nd/4.0/).
).

adhesion entails penetration of adhesive monomers into acid
etched enamel prisms, enveloping superficial apatite crystals [5].
Extensive studies by Yoshida et al. [6,7] showed direct evi-
dence of chemical bonding of molecules with functional groups
using synthetic hydroxyapatite. Recent studies suggested that the
hydrolytically stable calcium salt formation of “nanolayering” at the
adhesive interface could contribute to the durability of the bonds
[8,9] and enhance the bond strength [10] when using the adhe-
sives containing 10-methacryloyloxydecyl dihydrogen phosphate
(10-MDP) as a functional monomer. The concept of “nanolayering”
appears to be included in that of the “nanointeraction zone” which
was predicted and proposed by Koshiro et al. in 2006 [11]. They
claimed that the nature of the adhesion through hydroxyapatite
was based on the nano-level chemical interactions between the
functional monomers and hydroxyapatite per se. However, it is still
not clear whether “nanolayering” can fully envelope the hydrox-
yapatite in situ which is highly susceptible to acid attack within
the oral environment. Further studies are needed to clarify the

clinical significance of “nanolayering” between the resin and the
hydroxyapatite of the tooth.

The first remarkable impact of adhesive technology on clinical
dentistry was the introduction of the direct bonding system (DBS)
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Fig. 1. Resin-enamel interface (×1000) under FESEM.

roposed by Miura et al. [12]. Before DBS, orthodontists in the clin-
cs had to perform the time-consuming and technique sensitive
rocedures and patients had to endure uncomfortable treatment
ime [13]. In those days, the orthodontists used to place metal
ands with welded brackets on the teeth circumferentially, for
hich, they needed to create the interproximal space in advance

o ensure the width of the band material. Moreover, the univer-
al use of orthodontic bands on all the teeth had potential risks of
ingival trauma and caries under or near the bands [13]. With the
ntroduction of DBS, brackets could be placed directly on the tooth
namel, which enabled the orthodontists to gradually replace the
ands with brackets, making the bands almost nonexistent in the
urrent clinical practice.

Bonding to dentin was challenging, because dentin is a compos-
te material approximately with 50 vol% of mineral phase, 30 vol%
f collagen and 20 vol% of water [14]. Bonding strategy to dentin
ocuses on both mineral phase and organic phase (mainly colla-
en) under the moist environment. Moreover, most of the clinical
ubstrates are covered with smear layers (Fig. 2), which act as bar-
iers against the penetration of adhesives’ molecules into tooth
ubstances [15–20]. In clinical situations, removal or modification
f the smear layer is therefore essential to create the hybrid layer
o ensure a strong bond between the resin and dentin [21–24].

. Before the inception of microtensile bond strength
�TBS) test

The first marketed “total-etching (etch-and-rinse)” adhesive

as Clearfil Bond system-F by Kuraray Co. (Tokyo, Japan) in 1978.

usayama et al. [25] tested its bond strength to 40% phosphoric acid
tched and unetched dentin. They found that the bond strength
as significantly increased when using etching mode (i.e., approx-

ig. 2. Smeared and fractured surface of dentin under TEM, showing: each bur as 500 n
egular  diamond bur; and (C) fractured smear-free surface.
nce Review 56 (2020) 24–31 25

imately 2 MPa  for unetching vs. approximately 6 MPa  for etching
mode). From the current point of view, their dentin bond strength
values were very low. Moreover, testing the unetching mode for
dentin bonding seems to be unusual since the product was not
a self-etching dentin bonding agent. Nonetheless, it was  the first
marketed product claiming to achieve dentin adhesion. Moreover,
at that time Fusayama introduced “total etching” technique, which
was resisted by the US and European clinicians, since they were
concerned about the probable pulpal irritation that could result
from the bacterial invasion or penetration of chemical ingredients
through the dentinal tubules opened up by acid etching [26,27]. In
1982, Inokoshi et al. [28] performed the histopathological inves-
tigation of pulpal response to Clearfil Bond system-F using dogs.
When using total-etching technique followed by the application
of the adhesive, pulpal responses were slight and there was  no
bacterial penetration through the cavity wall and dentinal tubules.

Although the total-etching proposed by Fusayama was “dry
bonding” in nature, which required air blowing after acid etch-
ing and would collapse the exposed demineralized dentin [29],
the technique spread quickly in Japanese clinical practice without
causing noticeable clinical complications. The concept of adhesive
cavity preparation proposed by Fusayama [1] endorsed preserva-
tion of the inner carious dentin which is less permeable because of
the presence of sclerotic/transparent dentin. This might be one of
the reasons for less clinical complications caused by total-etching
technique despite of the rapid spread of adhesive restorations fol-
lowing the introduction of the first adhesive system.

Since the advent of the adhesive resin composite restoration in
late 1970’s, there is a persistent demand for the improvement of
adhesive systems [1]. Research and development (R&D) of the new
adhesive systems had been boosted in Japan. Research focuses of
the academic sectors were also shifted from cast restorations to
adhesive restorations [30]. During that period, many researchers
and R&D persons had been using extracted human teeth to evaluate
the bond strength of the adhesives [25,31,32]. However, extracted
human teeth became increasingly difficult to obtain due to the
progresses in preventive and tooth saving conservative dental
treatments. Nakamichi et al. [33] suggested the use of bovine teeth
as a possible substitute for human teeth in testing the bond perfor-
mances of adhesives. Although the mechanical and morphological
properties of bovine teeth are slightly different from extracted
human teeth [34], they are still useful for R&D of new adhesive
systems or screening bonding tests in pilot studies [35,36].

Bond strength tests have been evaluated in tension or shear
modes. Tensile bond strength test had been employed in many
reports since the early stages of the adhesion studies [25,31,37,38],
though it required special testing jigs and meticulous testing pro-

cedures or a unique set-up. Although shear bond strength test
generated non-uniform stress concentration at the edge of the
bonded interface during testing [39,40], it also gained its foot hole
in bond test studies [41–45], because this method was  easier to

m;  (A) smear layer created with 600-grit SiC paper; (B) smear layer created with
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Fig. 3. Schematic representation of specimen preparation for microtensile bon

pply for testing the bonded interfaces compared to tensile bond
trength test.

During 1980’s, bond tests using shear or tensile modes were
nough to evaluate the new adhesive systems available in the mar-
et [46]. Since the introduction of the primer for adhesion [47,48],
ond strength values tested by means of conventional testing meth-
ds increased and reached the plateau, the measured values being
pproximately 18–20 MPa  [46]. In other words, it was  difficult to
nd significantly different bond strength values when evaluated
sing conventional shear or tensile bond test. Moreover, dentin
ohesive failures with relatively lower bond strength (i.e., less than
0 MPa) were frequently observed [49–53], though the reason for
ohesive failures in dentin in such low bond strengths was not
learly understood at that time.

. Inception of the �TBS test

The first specimen-shape used for the �TBS test [54] was the
ourglass shape, which duplicated the specimen shape fabricated
y Akimoto [55] and was employed for the study to test the tensile
trength of mineralized and demineralized dentin [56]. Akimoto’s
tudy was also focusing on measuring the tensile strength of a
lane material, i.e. mineralized or demineralized dentin. Therefore,
TBS test was introduced with similar shaped specimens, though

he resin/dentin interface was located at the narrowest portion of
he specimen, aiming to increase the stress concentration at the
dhesive interface to induce the catastrophic rupture of bonding
Fig. 3).

Interestingly, the tensile bond strength was dependent on the
urface area for bonding [54]. Results of the tensile bond strength
ere plotted as a function of bonded surface area and they fitted

nto a decreased inverse logarithm curve with greater incidence
f cohesive failures in dentin when bond strength was  measured
ith greater surface area [57]. According to the Griffith’s defect
heory [58], the tensile strength of a material decreases with
ncreasing specimen size when testing uniform materials in ten-
ion. This result may  be due to the distribution of defects in
he material because a larger specimen probably contains more
ngth test, showing: (A) trimming technique; and (B) non- trimming technique.

defects compared to smaller specimens. Though Griffith’s theory
was developed for uniform brittle materials, it may  be applicable
for tensile bond testing as well because of the observed surface area
dependency noted in measuring �TBS [54 Sano, 1994]. The afore-
mentioned study demonstrated the usefulness of a new tensile
bond test using small surface areas, which showed more frequent
adhesive failure at the bonded interface with higher bond strength
compared to the conventional bond tests utilizing larger surface
area for boding, which sometimes showed cohesive failure within
dentin at less than 5 MPa  [50].

In the �TBS test introductory paper [54], the authors predicted
that it would be possible to evaluate the adhesive properties of
resins to excavated carious or sclerotic dentin and the regional bond
strengths of various portions of the cavity employing the �TBS
test technique. They also stated the possibility of comparing the
long-term stability of resin adhesion at various portions of the cav-
ity wall using the �TBS test on teeth extracted at various times
after insertion of bonded restorations. Moreover, they requested
for the improvement of the testing method using surface areas even
smaller than 1 mm2 to permit regional evaluation of bond strength
within complex cavity preparations rather than on flat surfaces.

Originally, �TBS test was  performed using a gripping Bencor
Multi-T (Danville Engineering Co., USA) apparatus attached to a uni-
versal testing machine [54]. From the original testing design, other
apparatus variations were created and tested, such as, portable test-
ing machines and various gripping devices [59]; and test variations
and parameters have been studied [59–62]. Compact and portable
testing machines are relatively low costing, which made �TBS test
an accessible research resource and a popular method in adhesive
dentistry.

Following the introduction of �TBS test [54], review articles
[57,59,63] concerning the technique were published, which helped
the researchers to employ the test for better understanding of tooth
adhesion. As far as the data processing of the �TBS test results is

concerned, several reports are available [59,64–69]. When conduct-
ing the �TBS test, these reports are aiding the researchers in their
research planning and preparation and subsequently in publica-
tions.
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. Application of the �TBS test

More than thousand publications are available when a web
earching for the �TBS test [70,71] is performed. The test itself
ogether with the morphological and spectroscopic investigations
as been contributing to improve resin/dentin adhesion and has
roven to have a greater discriminative power than the tradi-
ional macro-shear test [30,46,57,63,68,72,73]. The �TBS test is
urrently considered as a versatile and standard bond strength test-
ng method, although the interfacial fracture toughness testing is

ore valid than this testing [59,67].
As already mentioned, originally, the specimen of the �TBS

est (Fig. 3-A) was trimmed to hourglass shape with rectangular
ross-sectional shape (trimming technique) [54]. During the devel-
pment stage of the test, careful trimming was performed using
uperfine diamond-points not to provide extra stress to the bonded
nterface and to reduce the creation of visible pre-notch which

ight create the origin of the crack propagation. Modification of
he �TBS test was done to clarify the occurrence of large varia-
ions in bond strength values when serial sections were performed
Fig. 3-B) [74]. Basically, the modified testing method employed
tick shaped specimens with 1 mm × 1 mm cross-sectional area
Fig. 3-B) (non-trimming technique). In this paper, the authors also
tated that the largest differences between bond strength values
ere shown to be related to the technique rather than to the mate-

ial, and the results indicated that resin-dentin bonds may  not be as
omogeneous as was previously thought. At that time, the impact
f the dentin’s regional variability and depth on the bond strength
as not clear. The effect of the dentin depth on the �TBS will be

iscussed later in this section.
Theoretically, the stress distribution of cylindrical cross-

ectional specimens at the resin-dentin interface should be more
niform than that of rectangular cross-sectional specimens when
erforming the �TBS test. Many reports are available using
ylindrical cross-sectional specimens for the �TBS test [75–79].
lthough the theoretical background of the specimens with cylin-
rical cross-section appeared to be desirable for the �TBS test, the

abrication of the specimen required special equipment and needed
ore time compared to that of non-trimming technique.

Phrukkanon et al. [80] reported interesting results. They com-
ared the influence of cross-sectional shape and surface area on
he �TBS using cylindrical cross-sectional specimens and speci-

ens fabricated by means of trimming technique. According to
he results of the study, cross-sectional shape had little effect on
ond strength. Interestingly, bond strengths obtained with non-
rimming technique were similar to those of specimens prepared
ith trimming technique [74]. Based on these findings, it can be

oncluded that �TBS values that are obtained by any of the three
ethods, i.e., trimmed specimens, non-trimmed specimens and

pecimens with cylindrical cross-section, can be similar. Among
hem, specimens being made in non-trimming technique could be
he easiest and the least technique sensitive. This should be the

ain reason why most of the current researches of the �TBS test
re employing non-trimming technique.

Many substrate related factors can affect the short-term �TBS
alues of adhesives to sound or altered flat dentin [81], such as, aged
entin [82–84], caries-affected dentin [85–90], sclerotic dentin
91–94], dentin’s hydration status [95] and depth. The following
ections will be focusing on further discussions on bonding to var-
ous depth or regions of sound dentin.

Depth of dentin is indirectly expressed by remaining dentin
hickness (RDT). RDT as a parameter that affect in vitro bond

trength was widely evaluated even before the introduction of the
TBS test [96–99]. At that time, it was generally accepted that deep
entin showed lower bond strength compared to superficial dentin
54]. Suzuki and Finger [96] reported that the area of sound dentin
nce Review 56 (2020) 24–31 27

available for bonding was  one of the main factors having influence
on the tensile bond strength. Prati and Pashley [100] demonstrated
that moist nature of deep dentin might dilute or precipitate the
ingredients of adhesive and interfere with its proper curing and
adhesion to the dentin.

After the introduction of the �TBS test, many dentin bonding
studies were published with regard to the dentin depth or regional
variations [101–106]. Pereira et al. [101] evaluated the influence
of intrinsic wetness on regional bond strengths of two step self-
etching and two step etch-and-rinse adhesive resins to different
regions of dentin using three groups, evaluating the effects of no
pulpal pressure, pulpal pressure of 15 cm H2O and dentin dried
overnight in a desiccator. They found that the self-etching adhe-
sive system did not exhibit significantly different regional bond
strengths, whereas the etch-and-rinse adhesive showed significant
decrease in bond strength at the pulp horn region. Although the
smear layer on dentin was  created with 600-grit silicon carbide
paper, the smear layer and the smear plug could block the addi-
tional dentin wetness when using the self-etching adhesive system.
On the other hand, the etch-and-rinse adhesive employed in the
study completely dissolved the smear layer and smear plug lead-
ing to the poor adhesion at the pulp horn region. According to the
results of this study, the self-etching system appeared to block the
intrinsic wetness because of its weak acidity and the etch-and-rinse
adhesive system could create potentially weak regions of bonding
on the dentin surface.

Recent studies demonstrated controversial results regarding the
effect of dentin depth on bonding. According to the reports of Ting
et al., [105,106] the bond strengths of the tested one-step self-etch
adhesives were affected by RDT but the bond strength of Clearfil
SE Bond, a two-step self-etch adhesive was  independent of RDT.
Yoshikawa et al. [104] reported that Clearfil SE Bond showed an
inverse correlation between �TBS and RDT, whereas, Single Bond
showed no significant difference in �TBS for any RDT. Pegado et al.
[103] demonstrated that bond strength obtained with superficial
dentin was significantly higher than that of deep dentin for all the
adhesive systems tested (i.e., Adper Single Bond 2; etch-and-rinse,
Clearfil SE Bond; two  step self-etching, and Futurabond; one step
self-etching). These controversial results were in agreement with
the study that stated that the resin-dentin bonds might not be as
homogeneous as was previously thought [74]. Thus, the depth or
region of dentin provided us a large scatter in the bond strengths
and has been proven to have significant impacts on bonding out-
comes.

As mentioned before, dentin depth or dentin regions are sig-
nificant factors in determining the �TBS strength of sound dentin.
Therefore, additional care should be taken when conducting the
�TBS test using flat normal dentin surfaces. Permeability through
such flat dentin has regional variations, which affects the regional
bond strengths from a single tooth [101,102,107–110] and can
mimic  the in vivo conditions for bonding. Many embedded spec-
imens reported to have relatively dry pulp chambers [57,103]. In
order to avoid drying of the pulp chamber of extracted tooth, non-
embedded specimens with positive and/or zero pulpal pressure is
desirable [63,101,111,112].

Technically, to perform the �TBS test using deep dentin as a sub-
strate is difficult, especially in the case of RDT being less than 1 mm.
Therefore, bonding and filling the pulp chamber with resin compos-
ite before cutting into sticks is a useful measure to ensure proper
stick length for fixation to the jig [103]. However, this procedure
creates relatively dry dentin specimens and excludes the effects of
intrinsic water from the pulp chamber. Fig. 4 has been designed to

show the proper method for measuring the �TBS of deep dentin. As
is shown in the figure, resin composite build up for the �TBS testing
must be done before filling the pulp chamber with resin compos-
ite. Another important procedure for specimen preparation is to
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Fig. 4. Schematic representation of the procedure for measuring the microtensile bond strength (�TBS) of deep dentin.
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Fig. 6. Schema showing the proximity between the pulp horn and the prepared
ig. 5. Relationship between microtensile bond strength (�TBS) and remaining
entin thickness (RDT) as shown after 24 h and 1 y water-storage by a one-step
elf-etching system.

erform careful examination of the slabs to determine whether the
egion to be tested is of sound dentin or altered dentin. Using this
pecimen preparation procedure, correlations between �TBS and
DT after 24 h and 1 y water-storage were analyzed using a one-
tep self-etching system and bond strength of very deep dentin (i.e.,
DT < 0.5 mm)  was also successfully evaluated (unpublished data;
ig. 5).

Deep dentin [103–106] and pulp horn region [101,102] are sim-
lar in that both show low bond strengths. Grinding the crown
f molar teeth exposes flat dentin surfaces that can be catego-
ized into central, peripheral and pulp horn region [101], the pulp
orn regions are generally regarded as deep dentin. When mak-

ng approximately 1 mm thick slabs perpendicular to the exposed
entin surface, lateral view of the slab shows that the pulp horns
re very close to the exposed surface, meaning actually deep dentin.
entinal tubules spread radially from the pulp horn to the prepared

entin surface with slight curvature (Fig. 6). The area of observ-
ble pulp horn regions on the exposed flat dentin surface have
easurable size, which can partially or fully involve 1 mm × 1 mm

ross sectional area for adhesion resulting in a large scatter of
dentin surface. Dentinal tubules are radiating from the pulp to the prepared dentin
surface.

the obtained bond strength. This might also be the reason of the
lacking of the homogeneous bond strength values [74]. Therefore,
when calculating the mean value of a single tooth [59], avoiding the
adverse effect of pulp horn regions should be of crucial importance.

5. Considerations of clinical substrates and future
directions

The big advantage of the �TBS test is that the researchers can
focus on clinically relevant substrate with three-dimensional sur-
faces. Sound and caries-affected dentin are important substrates
for bonding in the clinical situation. Fusayama and his coworkers
[1] proposed the two layers of carious dentin: outer carious dentin
(caries-infected dentin) and inner carious dentin (caries-affected
dentin) [113–115]. Caries-affected dentin is partially demineral-
ized [116,117] and is believed to have a potential to remineralize
[1,118]. Preservation of caries-affected dentin is therefore impor-

tant in the clinical situation. However, caries-affected dentin is
different in morphological, chemical and physical characteristics
from sound dentin. Dentin hardness is one of the criteria in diag-
nosing dentinal caries [116,117,119].
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Fig. 7. Knoop hardness scanning of mid  coronal dentin caries, performed (A) along the long axis of the carious lesion; and (B) perpendicular to the lateral surface of the
carious lesion (tubule direction). CID: Caries-infected dentin; CAD: Caries-affected dentin; KHN: Knoop hardness number.
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Fig. 8. Schema showing: (A) Class I cavity preparation; and (B) Class II cavit

Sano [119] performed multiple scanning for Knoop hardness
etermination of mid  coronal lesions of dentinal caries (Fig. 7).
hen the scanning was performed along the long axis of the car-

ous lesion from the center of the caries-infected dentin to the
ulp (Fig. 7-A), Knoop hardness number (KHN) of caries-infected
entin (CID) was less than 20–25, then the number increased grad-
ally until it reached approximately 60 at the caries-affected dentin
CAD), followed by the plateau part of approximately 60, and then
ecreased gradually to the pulp. In this direction, thickness of
he caries-affected dentin was measured approximately between
000 �m to 1500 �m [119]. On the other hand, when the Knoop
ardness measurement was performed perpendicular to the lateral
urface of the carious lesion (tubule direction), it demonstrated dif-
erent results (Fig. 7-B). Sound dentin recorded approximately 60
HN and then KHN abruptly dropped to approximately 20 KHN.

n this graph, the transition zone which corresponds to the CAD
s very thin (less than 50 �m).  Clinically, it is very difficult to
reserve this thin layer often resulting in exposure of the pulp,
hereas it is easy to preserve caries-affected dentin when excavat-

ng along the long axis of the carious lesion because of its thickness
119].

Fig. 8-A illustrates a Class I cavity preparation for a mid-

ized coronal caries based on MI  concept. Outline of the cavity
s placed on the enamel with which adhesion is reliable. Cavity

all exposed by excavation is mostly in sound dentin along with
he dentinal tubules, whereas the cavity floor being observed is
aration for adhesive restorations based on Minimal invasive (MI) approach.

caries affected dentin. When considering Class I resin compos-
ite restorations and different bonding situations, such as bonding
to sound enamel, bonding to sound dentin perpendicular to the
tubule direction, and bonding to caries affected dentin under
the presence of shrinkage stress of resin composite, so far, no
reports are available focusing on the 3D bonding to different
substrates. With regards to restoration of Class II cavity, the
proximal margin should be in sound dentin, sclerotic dentin,
or altered or caries-affected dentin (Fig. 8-B). Detailed bonding
characteristics to such dentin are not yet clear. Further studies
are needed to disclose the bonding characteristics to the cavity
wall with regard to above mentioned Class I and Class II cavi-
ties.

The microtensile bond test is a very useful tool for bonding
research. However, pretesting failure is still occurring as a signifi-
cant problem for the testing when using adhesives with low bond
strength. Further improvements are necessary to overcome this
issue.
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[26] Vojinović O, Nyborg H, Brännsträm M.  Acid treatment of cavities under resin
fillings: bacterial growth in dentinal tubules and pulp reaction. J Dent Res
1973;52:1189–93.

[27] Stanley NR, Going RE, Chauncey HH. Human pulp response to acid pre-
treatment of dentin and to composite restoration. J Am Dent Assoc
1975;91:817–25.

[28] Inokoshi S, Iwaku M, Fusayama T. Pupal response to a new adhesive restora-
tive resin. J Dent Res 1982;61:1014–9.
[29] Pashley DH, Ciucchi B, Sano H. Permeability of dentin to adhesive agents.
Quintessence Int 1993;24:618–31.

[30] Bayne SC, Ferracane JL, Marshall GW,  Marshall SJ, van Noort R. The evolution
of  dental materials over the past century: silver and gold to tooth color and
beyond. J Dent Res 2019;98(March (3)):257–65.
nce Review 56 (2020) 24–31

[31] Swartz MJ,  Phillips RW.  A method of measuring the adhesive characteristics
of  dental cement. J Am Dent Assoc 1955;50:172–7.

[32] Bowen RL. Adhesive bonding of various materials to hard tooth tissue. I.
Method of determining bond strength. J Dent Res 1965;44:690–5.

[33] Nakamichi I, Iwaku M,  Fusayama T. Bovine teeth as possible substitutes in the
adhesion test. J Dent Res 1983;62:1076–81.

[34] Yassen GH, Platt JA, Hara AT. Bovine teeth as substitute for human teeth in
dental research: a review of literature. J Oral Sci 2011;53:273–82.

[35] Ikemura K, Kadoma Y, Endo T. A review of the developments of self-etching
primers and adhesives -Effects of acidic adhesive monomers and polymeriza-
tion initiators on bonding to ground, smear layer-covered teeth. Dent Mater
J  2011;30(6):769–89.

[36] Ikemura K, Endo T, Kadoma Y. A review of the developments of multi-purpose
primers and adhesives comprising novel dithiooctanoate monomers and
phosphonic acid monomers. Dent Mater J 2012;31(February (1)):1–25.

[37] Bowen RL. Adhesive Bonding of Various Materials to Hard Tooth Tissues. I.
Method of Determining Bond Strength. J Dent Res 1965;44:690–5.

[38] Bowen RL. Adhesive bonding of various materials to hard tooth tissues. II.
Bonding to dentin improved by pretreatment and the use of surface-active
comonomer. J Dent Res 1965;44:895–902.

[39] Van Noort R, Noroozi S, Howard IC, Cardew G. A critique of bond strength
measurements. J Dent 1989;17(April (2)):61–7.

[40] Van Noort R, Cardew GE, Howard IC, Noroozi S. The effect of local interfacial
geometry on the measurement of the tensile bond strength to dentin. J Dent
Res  1991;70(May (5)):889–93.

[41] Carlyle TD, Chamma  A, Moir RW,  Williams PT. An evaluation of the shear bond
strength developed between a glass ionomer cement and enamel. J Dent Res
1978;57(2):232.

[42] Prévost AP, Fuller JL, Peterson LC. The use of an intermediate resin in the acid-
etch procedure: retentive strength, microleakage, and failure mode analysis.
J  Dent Res 1982;61(February (2)):412–8.

[43] Chan DC, Reinhardt JW,  Boyer DB. Composite resin compatibility and
bond longevity of a dentin bonding agent. J Dent Res 1985;64(December
(12)):1402–4.

[44] Curtis DA, Eggleston TL, Marshall SJ, Watanabe LG. Shear bond strength
of  visible-light-cured resin relative to heat-cured resin. Dent Mater
1989;5(September (5)):314–8.

[45] Watanabe LG, Marshall Jr GW,  Marshall SJ. Dentin shear strength: effects
of  tubule orientation and intratooth location. Dent Mater 1996;12(March
(2)):109–15.

[46] Tagami J. Preface. In “SELF-ETCHING PRIMER: current status and its evolu-
tion” proceedings of the international symposium’01 in Tokyo June 26, 2001.
Tokyo: Kuraray Medical Inc.; 2001. I-IV.

[47] Munksgaard EC, Asmussen E. Bond strength between dentin and restora-
tive resins mediated by mixtures of HEMA and glutaraldehyde. J Dent Res
1984;63:1087–9.

[48] Munksgaard EC, Irie M,  Asmussen E. Dentin-polymer bond promoted by
Gluma and various resins. J Dent Res 1985;64(December (12)):1409–11.

[49] Bowen RL, Cobb EN, Rapson JE. Adhesive bonding of various materials to
hard tooth tissues: improvement in bond strength to dentin. J Dent Res
1982;61(September (9)):1070–6.

[50] Perinka L, Sano H, Hosoda H. Dentin thickness, hardness, and Ca-
concentration vs bond strength of dentin adhesives. Dent Mater 1992;8(July
(4)):229–33.

[51] Oilo G, Austrheim EK. In vitro quality testing of dentin adhesives. Acta Odontol
Scand 1993;51(August (4)):263–9.

[52] Versluis A, Tantbirojn D, Douglas WH.  Why  do shear bond tests pull out
dentin? J Dent Res 1997;76(June (6)):1298–307.

[53] Tantbirojn D, Cheng YS, Versluis A, Hodges JS, Douglas WH.  Nominal shear or
fracture mechanics in the assessment of composite-dentin adhesion? J Dent
Res 2000;79(January (1)):41–8.

[54] Sano H, Shono T, Sonoda H, Takatsu T, Ciucchi B, Carvalho R, et al. Relationship
between surface area for adhesion and tensile bond strength–evaluation of a
micro-tensile bond test. Dent Mater 1994;10(July (4)):236–40.

[55] Akimoto T. Study on adhesion of MMA-TBBO resin to dentin. Jpn Soc Dent
Mater Dev 1991;10:42–54.

[56] Sano H, Ciucchi B, Matthews WG,  Pashley DH. Tensile properties of mineral-
ized and demineralized human and bovine dentin. J Dent Res 1994;73(June
(6)):1205–11.

[57] Pashley DH, Sano H, Ciucchi B, Yoshiyama M,  Carvalho RM. Adhesion testing
of  dentin bonding agents: a review. Dent Mater 1995;11(March (2)):117–25.

[58] Griffith AA. The phenomena of rupture and flow in solids. Phil Trans Roy Sot
Lon 1920:168–98 (Series A)A221.

[59] Armstrong S, Breschi L, Özcan M,  Pfefferkorn F, Ferrari M,  Van Meerbeek B.
Academy of Dental Materials guidance on in vitro testing of dental composite
bonding effectiveness to dentin/enamel using micro-tensile bond strength
(�TBS) approach. Dent Mater 2017;33(February (2)):133–43.

[60] Gaston BA, West LA, Liewehr FR, Fernandes C, Pashley DH. Evaluation of
regional bond strength of resin cement to endodontic surfaces. J Endod
2001;27(May (5)):321–4.

[61] Poitevin A, De Munck J, Van Landuyt K, Coutinho E, Peumans M,  Lambrechts

P,  et al. Influence of three specimen fixation modes on the micro-tensile bond
strength of adhesives to dentin. Dent Mater J 2007;26(September (5)):694–9.

[62] Raposo LH, Armstrong SR, Maia RR, Qian F, Geraldeli S, Soares CJ. Effect of spec-
imen gripping device, geometry and fixation method on microtensile bond

http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0005
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0010
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0015
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0020
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0025
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0030
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0035
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0040
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0045
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0050
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0055
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0060
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0065
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0070
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0075
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0080
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0085
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0090
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0095
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0100
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0105
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0110
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0115
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0120
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0125
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0130
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0135
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0140
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0145
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0150
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0155
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0160
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0165
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0170
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0175
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0180
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0185
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0190
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0195
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0200
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0205
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0210
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0215
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0220
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0225
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0230
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0235
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0240
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0245
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0250
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0255
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0260
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0265
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0270
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0275
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0280
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0285
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0290
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0295
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0300
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0305
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310
http://refhub.elsevier.com/S1882-7616(19)30062-6/sbref0310


al Scie
H. Sano et al. / Japanese Dent

strength, failure mode and stress distribution: laboratory and finite element
analyses. Dent Mater 2012;28(May (5)):e50–62.

[63] Pashley DH, Carvalho RM,  Sano H, Nakajima M,  Yoshiyama M, Shono Y, et al.
The microtensile bond test: a review. J Adhes Dent 1999;1(4):299–309. Win-
ter.

[64] Loguercio AD, Barroso LP, Grande RH, Reis A. Comparison of intra- and inter-
tooth resin-dentin bond strength variability. J Adhes Dent 2005;7(2):151–8.

[65] Roulet J-F, Van Meerbeek B. Editorial: statistics: a nuisance, a tool, or a must?
J  Adhes Dent 2005;9:287–8.

[66] Eckert GJ, Platt JA. A statistical evaluation of microtensile bond strength
methodology for dental adhesives. Dent Mater 2007;23(March (3)):385–91.

[67] Van Meerbeek B, Peumans M,  Poitevin A, Mine A, Van Ende A, Neves A, et al.
Relationship between bond-strength tests and clinical outcomes. Dent Mater
2010;26(February (2)):e100–21.

[68] Armstrong S, Geraldeli S, Maia R, Raposo LH, Soares CJ, Yamagawa J. Adhesion
to  tooth structure: a critical review of m̈icrob̈ond strength test methods. Dent
Mater 2010;26(February (2)):e50–62.

[69] Roeder L, Pereira PN, Yamamoto T, Ilie N, Armstrong S, Ferracane J. Spot-
light on bond strength testing–unraveling the complexities. Dent Mater
2011;27:1197–203.

[70] Google Scholar. 2019/4/29. https://scholar.google.co.jp/
scholar?q=microtensile+bond+test&hl=ja&as sdt=05.

[71] PubMed. 2019/4/29. https://www.ncbi.nlm.nih.gov/pubmed/
?term=microtensile+bond+test.

[72] De Munck J, Mine A, Poitevin A, Van Ende A, Cardoso MV, Van Landuyt KL, et al.
Meta-analytical review of parameters involved in dentin bonding. J Dent Res
2012;91(April (4)):351–7.

[73] Nagarkar S, Theis-Mahon N, Perdigão J. Universal dental adhesives: Current
status, laboratory testing, and clinical performance. J Biomed Mater Res B Appl
Biomater. Available online 14 January 2019 from https://www:10.1002/jbm.
b.34305.

[74] Shono Y, Ogawa T, Terashita M,  Carvalho RM,  Pashley EL, Pashley DH.
Regional measurement of resin-dentin bonding as an array. J Dent Res
1999;78(February (2)):699–705.

[75] Phrukkanon S, Burrow MF,  Tyas MJ.  Effect of cross-sectional surface area
on  bond strengths between resin and dentin. Dent Mater 1998;14(March
(2)):120–8.

[76] Armstrong SR, Keller JC, Boyer DB. The influence of water storage and C-factor
on  the dentin-resin composite microtensile bond strength and debond path-
way utilizing a filled and unfilled adhesive resin. Dent Mater 2001;17(May
(3)):268–76.

[77] Ibarra G, Vargas MA,  Armstrong SR, Cobbb DS. Microtensile bond strength
of  self-etching adhesives to ground and unground enamel. J Adhes Dent
2002;4(2):115–24. Summer.

[78] De Munck J, Van Meerbeek B, Satoshi I, Vargas M,  Yoshida Y, Armstrong S,
et al. Microtensile bond strengths of one- and two-step self-etch adhesives
to  bur-cut enamel and dentin. Am J Dent 2003;16(December (6)):414–20.

[79] Guzmán-Armstrong S, Armstrong SR, Qian F. Relationship between nanoleak-
age and microtensile bond strength at the resin-dentin interface. Oper Dent
2003;28(January–February1):60–6.

[80] Phrukkanon S, Burrow MF,  Tyas MJ.  The influence of cross-sectional shape
and surface area on the microtensile bond test. Dent Mater 1998;14(June
(3)):212–21.

[81] Miyazaki M,  Tsubota K, Takamizawa T, Kurokawa H, Rikuta A, Ando S. Factors
affecting the in vitro performance of dentin-bonding systems. Jpn Dent Sci
Rev 2012;48:53–60.

[82] Tagami J, Nakajima M,  Shono T, Takatsu T, Hosoda H. Effect of aging on dentin
bonding. Am J Dent 1993;6(June (3)):145–7.

[83] Oliveira GC, Oliveira GM,  Ritter AV, Heymann HO, Swift EJ, Yamauchi
M. Influence of tooth age and etching time on the microtensile bond
strengths of adhesive systems to dentin. J Adhes Dent 2012;14(June (3)):
229–34.

[84] Perdigão J, Sezinando A, Monteiro PC. Effect of substrate age and adhesive
composition on dentin bonding. Oper Dent 2013;38(May–June 3):267–74.

[85] Nakajima M,  Sano H, Burrow MF,  Tagami J, Yoshiyama M, Ebisu S, et al. Ten-
sile  bond strength and SEM evaluation of caries-affected dentin using dentin
adhesives. J Dent Res 1995;74(October (10)):1679–88.

[86] Burrow MF,  Bokas J, Tanumiharja M,  Tyas MJ.  Microtensile bond strengths
to  caries-affected dentine treated with Carisolv. Aust Dent J 2003;48(June
(2)):110–4.

[87] Sonoda H, Banerjee A, Sherriff M,  Tagami J, Watson TF. An in vitro investigation
of  microtensile bond strengths of two  dentine adhesives to caries-affected
dentine. J Dent 2005;33(April (4)):335–42.

[88] Pereira PN, Nunes MF,  Miguez PA, Swift EJJr. Bond strengths of a 1-
step self-etching system to caries-affected and normal dentin. Oper Dent
2006;31(November–December 6):677–81.

[89] Scholtanus JD, Purwanta K, Dogan N, Kleverlaan CJ, Feilzer AJ. Microtensile

bond strength of three simplified adhesive systems to caries-affected dentin.
J  Adhes Dent 2010;12(August (4)):273–8.

[90] Shibata S, Vieira LC, Baratieri LN, Fu J, Hoshika S, Matsuda Y, et al. Evaluation
of microtensile bond strength of self-etching adhesives on normal and caries-
affected dentin. Dent Mater J 2016;35(2):166–73.
nce Review 56 (2020) 24–31 31

[91] Yoshiyama M, Sano H, Ebisu S, Tagami J, Ciucchi B, Carvalho RM,  et al. Regional
strengths of bonding agents to cervical sclerotic root dentin. J Dent Res
1996;75(June (6)):1404–13.

[92] Tay FR, Kwong SM,  Itthagarun A, King NM, Yip HK, Moulding KM,  et al.
Bonding of a self-etching primer to non-carious cervical sclerotic dentin:
interfacial ultrastructure and microtensile bond strength evaluation. J Adhes
Dent 2000;2(1):9–28. Spring.

[93] Tsai YL, Nakajima M,  Wang CY, Foxton RM,  Lin CP, Tagami J. Influence of
etching ability of one-step self-etch adhesives on bonding to sound and non-
carious cervical sclerotic dentin. Dent Mater J 2011;30(6):941–7.
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