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Dentin undergoes irreversible changes in microstructure with aging that involve gradual

filling  of the tubule lumens with mineral. Known as dental sclerosis, this process begins at

the root apex, progresses coronally, and is associated with a degradation in the resistance

to  fracture of dentin.

Objective.  To determine i) age-related changes of intertubular dentin with aging, particularly

within  the root, and ii) the differences in age-related degradation between vital and pulpless

(i.e. non-vital) teeth.

Methods.  We  performed nanoscopic dynamic mechanical analysis (nanoDMA) in scanning

mode  on the intertubular and peritubular dentin of teeth from young and old adults. The

complex, loss and storage moduli, as well as the tan delta parameter were evaluated for

teeth  with no restorations and teeth with root canal treatment (non-vital).

Results.  There were significant changes in the dynamic moduli of intertubular dentin with

age,  which were most substantial in the apical third of the root. The storage modulus of

the intertubular dentin, which quantifies the purely elastic resistance to deformation, was

significantly (p < 0.0005) larger for both the old vital and non-vital teeth than that of the

young  teeth, over the entire root length. However, the tan delta parameter, which quantifies

the  relative capacity for viscous deformation, was significantly lower in these two groups (p

< 0.005).

Significance. Radicular dentin undergoes an embrittlement with aging, involving reduced
capacity  for viscous deformation. The extent of degradation is largest in the apical third.
Removal  of the pulp appears to a

degradation.
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ase in life expectancy coupled with rapid advance-
 oral healthcare have led to an increase in the
n of partially and fully dentate seniors over past
[1]. As a consequence, there will be growth in the
n  of seniors seeking dental care. The increase in den-
rs has brought new challenges to the profession. One

cern is cracked teeth and other forms of mechanical
ion [2,3]. While tooth fractures are routinely encoun-
ental practice irrespective of patient age [4], vertical
ures most commonly occur in patients 40 to 60 years
hese types of failures cannot often be repaired suc-

 by root canal treatment (RCT) and necessitate tooth
n  [6].

 fractures that initiate within the root, or that extend
line angles within the crown typically involve dentin.
s highly mineralized tissue consisting of approxi-

 % mineral by volume [7] and serves as a foundation
namel. It is traversed by a network of microscopic

 (i.e. tubules) that extend radially from the pulp
he dentin-enamel junction (DEJ) and cementum. The
mens are occupied by dentin fluid and odontoblastic
s. They are bounded by a highly mineralized cuff of

ar  dentin that consists primarily of apatite crystals.
n between the tubules is occupied by the intertubu-
, which consists of a mesh of collagen fibrils that is

d  by inter- and extra-fibrillar apatite crystallites.
icrostructure of dentin in adults is dynamic. It under-
adual transition in translucency with increasing age
lts from filling of the dentin tubules with mineral, a
egarded as sclerosis [8]. Dentin sclerosis occurs first
st severe in tissue near the root apex [9], which could
ted to the tubule morphology in the root. The dentin
ave a smaller lumen diameter and density in the root
n to the crown [2].
ugh the mechanisms of dentin sclerosis are unclear
e consequences are far more  well known. In particu-
e-related changes in microstructure of dentin reduce
ge tolerance of the tooth [12]. Previous studies that

d  aging and the mechanical behavior of dentin have
at the crown [13] and root [14] undergo reductions

th. Furthermore, the fatigue strength [15,16], fracture
s  [17,18] and fatigue crack growth resistance [19,20]

ergo a significant reduction with age. However, there
ey limitations of prior studies on this topic, namely:
ork has concentrated on the coronal dentin, and ii)
tions of the root have not considered spatial varia-
rthermore, the degradation in damage tolerance of
ith aging has largely been attributed to what is most
e,  i.e. the mineral that fills the dentin tubules. In
on,  far less effort has focused on the changes to the
lar  dentin.

al  physiological aging is not the only concern in root
.  Teeth with non-vital pulp and those that have had
removed during root canal treatment (RCT) are more
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volves cracks that initiate in the apical region [23]
nd coronally (Fig. 1A). There is some belief that VRFs
rom internal dentin cracks [24] that have resulted

 RCT. Indeed, dentin defects introduced during the
tic  procedures could be a contributing factor [25–27].
,  previous studies have also been reported that no
ould be identified within the dentin of teeth subjected
nd/or their contribution to VRF is unlikely [28,29].
e cause of VRF and how RCT contributes to the pro-
ilure is controversial and remains unclear [30].
val  of the pulp during RCT is associated with irre-
hange to the dentin structure [31]. In a comparison

rength of root dentin between teeth with age- and
atched controls, those with prior RCT exhibited 30%
ength [32]. Yet, the progression of aging in non-vital
ecifically those that have received RCT followed by
tment function, and the spatial variations in degra-

 the root are not understood. Root fractures in the
seniors with RCT could be attributed to an acute
degradation in mechanical properties at the apex
d manifest in the intertubular or peritubular compo-
dentin. Understanding this phenomenon is the first
rds the development of treatment modalities, or the
ent  of dental materials, that account for the unique

 variations.
tation methods have been adopted to characterize
ges in mechanical behavior of dentin with aging

rosis [33,34]. Macroscopic indentation methods are
to discern the properties of distinct aspects of the
cture or interfaces [35], which is highly relevant to
tion of dentin. As such, nanoindentation has become

rd method for measuring the mechanical behavior
ical hard tissues at the microscopic scale and also
n assessment of the viscous behavior. Nanoinden-

 atomic-force microscopy is required to measure
changes in the intertubular and peritubular dentin
h is relevant to the present investigation.
copic Dynamic Mechanical Analysis (NanoDMA) is

l form of nanoindentation-based structural analy-
ning nanoDMA, performed using scanning probe
py, maintains the indentation stress within the elas-
, which is preferred for highly sensitive analyses.
plications include evaluations of dentin bonding [37]

 [38]. It has also been applied in investigations related
eralization of dentin [39–42] and to assess the effects
n crosslinking [41,43]. However, no investigation has

orted on the use of nanoDMA mapping within tooth
elineate the unique age-related changes of the inter-
nd peritubular dentin or the differences between vital
vital teeth.

 present study, scanning mode nanoDMA was used
terize the dynamic mechanical behavior of dentin

ots of teeth with regards to donor age, pulp vitality
logical location. Two null hypotheses were defined:

 no significant difference in the mechanical behavior
bular dentin along the length of the root with regards
 age, and ii) there is no significant difference in the
s  of intertubular dentin between vital teeth and those
r RCT.
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oot fracture originating from the apex in tooth #9 of a 69-ye
 evaluated.

aterials  and  methods

ingle-rooted non-carious teeth were obtained from
ting  clinics with an exempt protocol approved by
tutional Review Board of the University of Washing-
le-rooted premolars were chosen for their simple
y in comparison to molars with multiple roots. The

re stored in Hank’s balanced salt solution (HBSS) with
 donor age and gender. Those teeth with visible caries
ral defects were discarded. A total of 12 teeth from 8

were selected and divided into young (n = 4, age <25),
, age >60) and old non-vital (n = 4, age >60) groups. The
h in the old and old non-vital groups were matched
eeth. Each pair consisted of teeth from mirrored loca-
the arch from the same donor that included a vital
d non-vital tooth with prior RCT. Obtaining matched
teeth in mirrored locations of the arch is very diffi-
very beneficial, since it reduces the variations in tooth
s  across donors.
eth were cast in a polyester resin foundation within
s of receipt and sectioned axially in the mesial-distal

rection using a precision slicing/grinding machine
g to established methods [14]. The resulting halves
bedded in cold-cured epoxy resin (Epofix HQ Resin
ener, Struers) exposing the root canal and longi-

ection. The exposed dentin sections were polished
con carbide abrasive paper from #800 to #4000 mesh
er irrigation until halfway through the thickness of
d the dentin tubules became evident. Further polish-
erformed with 3 �m diamond particle suspensions

 �m colloidal alumina suspension. The specimens
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surface  a
ration  of
that  ther
ld male patient. This tooth is not included in the

amic mechanical analysis (DMA) of the polished sec-
root dentin was performed using Scanning Probe
py (SPM) on a commercial system for nanoindenta-
itron Inc., Model TI980 Triboindenter, Minneapolis,

 scanning-based evaluations were performed using a
h diamond indenter with 90 nm nominal tip radius,
s measured in scanning mode with quartz standard

g to [37]. Prior to nanoDMA on teeth, a frequency
s performed on fused quartz from 100 Hz to 300 Hz to
esonance components related to the machine opera-

ed on the results of this process a scanning frequency
z was used to maximize the signal to noise ratio in
ations of dentin. A 4 �N static indentation load and a

 sinusoidal load of 2 �N were applied following Ryou
 The scanning mode nanoDMA was conducted using

 of evaluation of 20 �m × 20 �m,  which constitutes
volving 5–10 dentin tubules as shown in Fig. 2A. The
nt  performs the evaluation through 256 horizontal
d with pixel density of 256 × 256. Properties of the
lar and peritubular dentin were quantitatively eval-

thin the apical, middle and coronal thirds (Fig. 2B). In
on, areas of interest within the window of evaluation
cted that corresponded to either the intertubular or

lar dentin. Three independent nanoDMA scans were
d  in each region of each tooth to ensure that a statisti-

sentative assessment was achieved. Then the average
dard deviation of the desired properties were deter-
om the scan data within that domain of relevance.
nimize the effects of dehydration to the mechanical

 [45], the nanoDMA evaluations were performed in the
 condition with treatment of 99.4% ethylene glycol

 Briefly, a thin layer of EG was smeared on the sample

fter removal from HBSS bath to prevent the evapo-

 water during scanning. Previous results have shown
e is no influence of EG on the moduli estimated using
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Fig. 2 – Details of the experimental evaluation. A) nanoDMA scanning on prepared dentin surface using scanning probe
microscopy (SPM) with a Berkovich indenter. Under load control, the indentation involves a static component (setpoint load)
and a superposed dynamic load amplitude equivalent to 50% of the static component. B) Demonstration of analysis within
the three chosen locations along the tooth root using SPM. The root is divided into the coronal-, middle- and apical-thirds.
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Fig. 3 – Representative property maps from the apical-third of a tooth that is part of the young vital group. Note that the
maps include the surface topography, complex modulus, storage modulus, loss modulus and tan delta as labeled. The scan
area invo  of a
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Fig. 4 – Property maps of the dynamic mechanical properties for dentin from the apical thirds of teeth representing the old
vital and old non-vital groups as labeled. The nanoDMA maps for these two teeth were  obtained from donor-matched tooth
pairs.
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Fig. 5 – A comparison of the nanoDMA responses for young, old and old non-vital peritubular dentin. Data points within
each region labeled with different letter are significantly different (p < 0.05). A) Storage Modulus, B) Loss Modulus, C) Tan
Delta, D)
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here the most significant changes in properties of the
dentin were observed (Fig. 6).
y et al. [15] proposed a dissolution-reprecipitation
r sclerosis where dissolution of intertubular min-
precipitated within the tubules as magnesium-rich
alcium phosphate and apatite. And in support of
hanistic theory, sclerotic dentin exhibits a reduc-
ystal size in the intertubular region [10]. Due to the

 in volume fraction of mineral within the intertubu-
, the complex and storage modulus of intertubular
ould be expected to decrease with age, not increase.

 old vital and non-vital intertubular dentin exhibited
tly higher storage and complex modulus, regardless

n (Fig. 6). The larger storage modulus could be caused
crease in the mineral content or perhaps a greater

 collage cross-linking. Yan et al. [14] recently showed
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ital teeth, but significantly larger extent of collagen
king. That implies that the larger storage and com-
uli of the vital and non-vital groups could result from

 mechanisms. Without more  information regarding
fics of the RCT performed, it is not possible to distin-

 causes to the increase in cross-linking in that study.
s that more  work is required to elucidate the aging
n non-vital dentin.
crease in storage modulus of the intertubular dentin

 results in detrimental consequences. For the same
plied to an arbitrary volume of intertubular dentin

 the young dentin with comparatively low storage
 (denoted as E for old dentin and E/2 for young dentin),
mmodate much greater strain energy to a critical
g. 7B). The strain energy that manifests beyond what
ored is converted to energy for fracture. This is where
eformation in dentin plays a very important role. The

 quantifies the relative dampening capacity, which
viscous relaxation to an applied stress as shown

ically in Fig. 7C. With higher loss modulus, young
ossesses more  viscous relaxation (dark arrow), and
ipate more  strain energy. The nearly 25% decrease
lta in old dentin indicates diminished capacity for
tress relaxation in relation to young dentin. The loss
pacity for stress relaxation through viscous behavior

sed as an embrittlement of the tissue. Therefore, an
in root fractures in senior patients is quite conceiv-
to this embrittlement of the intertubular dentin.
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Fig. 6 – A comparison of the nanoDMA responses for young, old and old non-vital intertubular dentin. Data points within
each region that are labeled with different letters are significantly different (p < 0.05). A) Storage Modulus, B) Loss Modulus,
C) Tan Delta, D) Complex Modulus.

Fig. 7 – Schematic representation of the storage and loss moduli and their importance to the mechanical behavior of dentin.
A) A cylindrical volume of dentin subjected to compressive force that results in uniaxial stress and strain. B) A comparison
of the strain energy stored to failure for young and old dentin shown by the area under the stress-strain curves (assuming
equivalent strength). Notice the lower strain energy storage capacity of the old dentin due to its high elastic (i.e. storage)
modulus. C) Viscous relaxation in young dentin (noted in blue) results in a reduction of the axial stress and a decrease in
the strain energy within the material generated by mechanical loading. That relaxation reduces the propensity for root
fracture d e re
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f the most interesting finding is the significant differ-
properties between vital and non-vital dentin of the
tched pairs (Fig. 6). Structural changes in dentin after

of the pulp are unexpected due to absence of cellular
s  as well as loss of the dentin fluid and internal pulpal
.  Consequently, the driving forces causing the evolu-
lerosis are disactivated. However, the property maps
owed that non-vital dentin possessed significantly

orage and complex moduli than the vital counter-
d along the entire length of the tooth. This is the first

 such changes in properties of RCT teeth. Although
mic mechanical properties for the old dentin exhib-
ients from the apical- to coronal-thirds, indicating
anced aging near the apex, no such spatial variations
ent in the non-vital dentin. It is reasonable to specu-

the collagen in pulpless teeth undergoes crosslinking
ration as a consequence of the treatment. For exam-
m hypochlorite irrigation pretreatment of dentin has

ven to effect the elastic modulus and hardness and
ly  cause collagen alteration [53,54]. Although plausi-
opic requires further investigation.

 are limitations to the present investigation. One
ost critical concerns is the unknown dental history
nors. While the microstructure of dentin appears
t among all teeth, its properties are unique from per-

erson [32]. This is a consequence of many  factors,
ay include diet, medications, parafunctional habits,
atient factor was reduced by using donor-paired vital
vital teeth. Nevertheless, differences in the progres-
ging between the donors is uncertain. Furthermore,
s were available regarding the RCT teeth, including
nd time of treatment, or the period of post-treatment

. These are important factors in understanding the
 and progression of degradation. There was also a

n  in assessing the specific changes in the microstruc-
 chemical composition responsible for the decrease
ity for viscous deformation at the sub-micron level.
d  techniques such as atom probe tomography should
d to examine the structural changes in dentin with

the atomic level.

onclusion

 mode nanoDMA was utilized to evaluate the
 mechanical properties o dentin from the roots of
nor teeth as a function of donor age, pulp vitality
logical location. The intertubular dentin of the old
hibited higher storage and complex moduli (up to
er) than the young group throughout the length of

 Dentin of the non-vital teeth exhibited significantly
torage and complex moduli than that of the vital

 pairs. Both of the old groups of teeth exhibited signif-
wer storage and complex modulus, as well as lower
, that the root tissue of the young group. In summary,
ular dentin loses its capacity for viscous deforma-

Ack

The 

tribu
Chin
was
USA

r  e  f

[1] 

[2]  

[3] 

[4] 

[5] 

[6]  

[7] 

[8] 

[9] 

[10] 

[11]  

[12]  

[13]  

[14] 

[15]  

[16] 

[17] 

[18] 
 aging and becomes embrittled as a consequence.
radation is accentuated by treatments that involve
of the pulp and appears to be most severe in the apical
he root.

Beha
[19]  Baja

and 

2006
1464–1473

ledgements

ors gratefully acknowledge the comments and con-
s  of Dr. Ying Guo and Dr. Mark Mao of the Northwest
Dental Association to this investigation. This work
ially supported by the Colgate-Palmolive Company,
. Arola). The authors deny any conflicts of interest.

 n  c  e  s

e GD, Akinkugbe AA, Sanders AE. Projections of U.S.
tulism prevalence following 5 decades of decline. J Dent
014;93:959–65.

eron CE. The cracked tooth syndrome: additional
ngs. J Am Dent Assoc 1976;93:971–5.
ic JJ, Ritchie RO. Fatigue of mineralized tissues: cortical

 and dentin. J Mech Behav Biomed Mater 2008;1:
.

, Yi Y, Shin S, Park J. Analysis of factors associated with
ed teeth. J Endod 2012;38:288–92.
n S, Berman LH, Blanco L, Bakland L, Kim JS. A

ographic analysis of vertical root fractures. J Endod
;32:1160–3.
sich EB, Hilton TJ, Ferracane J. Cracked teeth: a review of
iterature. J Esthet Restor Dent 2010;22:158–67.
ci A. Ten Cate’s oral histology: development, structure,
function. India: Elsevier; 2012.
er DF. Human dentine sclerosis: a microradiographic
ey. Arch Oral Biol 1974;19:163–9.
iadis L, Darling AI, Levers BGH. The histology of
otic human root dentine. Arch Oral Biol
;28:693–700.
r AE, Nalla RK, Minor A, Jinschek JR, Kisielowski C,
ilovic V, et al. A transmission electron microscopy

y of mineralization in age-induced transparent dentin.
aterials 2005;26:7650–60.
iadis L, Stavrianos C, Dagkalis P, Parisi K, Stavrianou I,

is  D. Translucent root dentin in relationship to
asing age: review of the literature. Res J Biol Sci
;6:92–5.
azadehfar M, Ivancik J, Majd H, An B, Zhang D, Arola D.

he mechanics of fatigue and fracture in teeth. Appl
 Rev 2014;66.

a D, Reprogel RK. Effects of aging on the mechanical
vior of human dentin. Biomaterials 2005;26:
–61.
W,  Montoya C, Øilo M, Ossa A, Paranjpe A, Zhang H,
. Reduction in fracture resistance of the root with aging.
od 2017;43:1494–8.
ey JH, Nalla RK, Pople JA, Breunig TM,  Ritchie RO.
related transparent root dentin: mineral concentration,
allite size, and mechanical properties. Biomaterials
;26:3363–76.
cik J, Neerchal NK, Romberg E, Arola D. The reduction in
ue  crack growth resistance of dentin with depth. J Dent
011;90:1031–6.
ter KJ, Ager IIIJW, Ritchie RO. The effect of aging on
-growth resistance and toughening mechanisms in

an  dentin. Biomaterials 2008;29:1318–28.
ri A, Bajaj D, Zhang D, Romberg E, Arola D. Aging and
eduction in fracture toughness of human dentin. J Mech

v Biomed Mater 2009;2:550–9.

j D, Sundaram N, Nazari A, Arola D. Age, dehydration
fatigue crack growth in dentin. Biomaterials
;27:2507–17.

https://doi.org/10.1016/j.dental.2020.08.008
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0005
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0010
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0015
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0020
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0025
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0030
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0035
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0040
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0045
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0050
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0055
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0060
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0065
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0070
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0075
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0080
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0085
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0090
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095
http://refhub.elsevier.com/S0109-5641(20)30219-0/sbref0095


 ) 146

[20] Ivan
of ag
dent

[21] Tang
pote
2010

[22]  Ador
effec
and  

[23] Endo
exce

[24] Ferra
Giese
inter
Pract
2018

[25] Bürk
after
instr

[26] Yold
micr
diffe
J  End

[27]  Shem
defe
2010

[28]  Barre
Só  M
effec
cycli

[29]  De-D
Gonç
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