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Abstract

Introduction: Electrocochleography has recently emerged as a diagnostic tool in cochlear
implant surgery, purposing hearing preservation and optimal electrode positioning.

Objective: In this experimental study, extra-cochlear potentials were obtained during cochlear
implant surgery in guinea pigs. The aim was to determine electrophysiological changes indicat-
ing cochlear trauma after cochleostomy and after electrode implantation in different insertion
depths.

Methods: Normal-hearing guinea pigs (n=14) were implanted uni- or bilaterally with a mul-
tichannel electrode. The extra-cochlear cochlear nerve action potentials were obtained in
response to acoustic stimuli at specific frequencies before and after cochleostomy, and after
introduction of the electrode bundle. After the electrophysiological experiments, the guinea
pigs were euthanized and microtomography was performed, in order to determine the position
of the electrode and to calculate of the depth of insertion. Based on the changes of ampli-
tude and thresholds in relation to the stimulus frequency, the electrophysiological data and the
position obtained by the microtomography reconstruction were compared.

Results: Cochleostomy promoted a small electrophysiological impact, while electrode insertion
caused changes in the amplitude of extra-cochlear electrophysiological potentials over a wide
range of frequencies, especially in the deepest insertions. There was, however, preservation
of the electrical response to low frequency stimuli in most cases, indicating a limited auditory
impact in the intraoperative evaluation. The mean insertion depth of the apical electrodes was
5339.56 wm (+306.45 - 6 inserted contacts) and 4447.75 um (£290.23 - 5 inserted contacts).
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Conclusions: The main electrophysiological changes observed during surgical procedures
occurred during implantation of the electrode, especially the deepest insertions, whereas the
cochleostomy disturbed the potentials to a lesser extent. While hearing loss was often observed
apical to the cochlear implant, it was possible to preserve low frequencies after insertion.

© 2020 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published
by Elsevier Editora Ltda. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Introduction

The criteria for cochlear implant (Cl) surgery have remark-
ably shifted in the last years, including patients with
severe or even selective loss on mild-to-high frequencies.’
Improved speech perception performance scores, especially
in difficult hearing conditions, in patients treated by electro-
acoustic stimulation (EAS, hybrid implants) compared to
patients treated by either method alone, along with the
prospect of future inner ear therap, have turned the preser-
vation of residual hearing into a critical goal in the field.>?
Thus minimizing trauma to the delicate intra-cochlear struc-
tures is generally an desirable objective in modern Cl
surgery. Recent refinements in electrode design, as well
as in surgical techniques, have contributed substantially to
improve postoperative hearing.*> However, there is lim-
ited data and high variability between available studies on
hearing preservation results. The percentage of totally or
partially compromised residual hearing is still high in CI
patients, despite all efforts.®8

Determining the accurate electrode position as well as
prompt detection of possible insertion damage is a key in
current cochlear implant research. Electro-cochleography
(ECochG) has recently emerged as a tool for evaluation of
cochlear physiologic status and electrode insertion depth
during surgery.®'9 ECochG consists of 4 main components:
compound action potentials (CAPs), a transient compo-
nent at the beginning of the response commonly associated
with auditory nerve activity;'"'? auditory nerve neurophonic
(ANN), which also has neural origin; cochlear microphonic
potentials (CMs), an AC component throughout the stimulus
response originating from the outer hair cells (OHCs);"* and
summating potentials (SPs), a DC component in large part
depending on inner hair cells (IHCs) and OHC activity.'*'¢
CAPs and CMs amplitude changes in monopolar recordings
have been shown to be an early marker of contact between
the electrode and cochlear structures or even minor and
reversible damage, during Cl insertion in gerbils.””"" A
correlation between intraoperative ECochG potentials and
postoperative hearing preservation has been described but
is still being evaluated.?®?'

The aim of the present study was to determine the site
and the extent of cochleostomy and implantation trauma by
documenting extra-cochlear CAP in normal-hearing guinea
pigs undergoing Cl surgery. The electrophysiological find-
ings were correlated to insertion depth measured by the
number of electrode channels inserted in the cochlea. We
compared CAP amplitudes and thresholds in two different
insertion depths in the scala tympani through cochleostomy.

With this objective, we analyzed the frequencies involved in
threshold shifts at different steps in the surgery and hypoth-
esized possible causes, such as a piston effect and basilar
membrane contact or damage. The intra- cochlear electrode
position reconstructed from postmortem micro-computer-
tomography imaging (wCT, microtomography) was checked.

Methods

The Institutional Animal Care and Research Advisory Com-
mittee approved all experiments. The study has been
conducted in accordance with the German *‘Law on Protect-
ing Animals’’ (TierSchG) and with the European Communities
Council Directive 86/609/EEC for the protection of animals
used for experimental purposes.

In this study, 24 cochleae in 14 healthy and normal-
hearing male Dunkin Hartley guinea pigs (Charles River
Laboratories International Inc., Sulzfeld, Germany) weigh-
ing between 300 — 600 g were chosen as subjects.

Experimental procedures
Electrode technical details

The electrodes used in this study were custom-made
research Cl electrodes (Med-El Inc., Innsbruck, Austria),
comprised of 6 platinum-iridium contacts spaced by 700 pm,
0.5mm maximum diameter of the silicone carrier, tapered
to 0.3 mm at the tip, and had a 4.5 mm insertable length cov-
ered by contacts (from tip to the last contact). In accordance
with the standard numbering for MedEl Cls, the most apical
contact will be referred as channel or contact 1 (‘°Ch1’’),
and the most basal contact as channel or contact 6 (*‘Ché’’),
and the intermediate contacts are numbered accordingly.

Anesthesia and monitoring

Fourteen subjects were implanted uni- or bilaterally (24
ears). All measurements and surgical procedures were
performed under general anesthesia. The animals were
anesthetized initially by intramuscular injection of 50 mg/kg
10% ketamine solution (CP Pharma, Burgdorf, Germany),
10mg/kg 2% xylazine solution (WDT, Garbsen, Germany)
and 0.1 mg/kg atropine sulfate (B. Braun, Melsungen, Ger-
many). Follow-up anesthesia in 45min’ time intervals was
applied with 25%—30% of initial dose, substituting atropine
sulfate by Ringer acetate solution. Anesthesia level was
assessed by continuous monitoring of heart rate (using elec-
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trocardiogram) and capnometry (CO,%/vol.). The absence
of paw-withdrawal and corneal reflexes was tested in reg-
ular intervals to verify anesthesia depth. Ample shaving of
the skin behind the pinnae, around the neck, and on the ver-
tex of the skull was performed. The animals were kept on a
heating blanket (TC-1000 Temperature Controller, CWE Inc.,
Ardmore, USA). Core temperature was continuously moni-
tored by a rectal probe and kept above 38 °C. A custom-made
endotracheal tube was inserted through a tracheotomy and
was connected to the capnometer (Normocap CO, & O, Mon-
itor, Datex, Helsinki, Finland). Ventilation via endotracheal
tube was performed using a rodent ventilator (Ugo Basile,
Gemonio, Italy) and tidal volume was adjusted to the ani-
mal’s body weight. Respiratory rate was set between 50 and
60 per second depending on end tidal CO, concentration that
was kept between 3% and 4%. Animal heads were secured
in a customized rodent head holder that allowed adjust-
ment along three axes. All measures were performed in a
sound-attenuated chamber.

Auditory brainstem response (ABR) measurements

Subcutaneous Ag/AgCl electrodes were placed retroauric-
ularly on both sides (references) of the head and at the
vertex (recording electrode) for recordings. A thick Ag/AgCl
electrode was subcutaneously inserted at the scruff (ground
electrode). The initial hearing thresholds for both ears
before surgery were determined by recording auditory brain-
stem responses (ABRs). A series of clicks of increasing sound
levels (0 —80dB SPL in 5dB steps, 50 ws click duration, 100
of each condensation and rarefaction stimulation averaged
per stimulus level) were presented through a dynamic head-
phone speaker (DT48, Beyerdynamic, Heilbronn, Germany).
The loudspeaker was positioned 1cm away from pinna in
close free-field conditions. The signals were generated,
and responses acquired through the software AudiologylLab
(Otoconsult, Frankfurt, Germany) via, a DA/AD converter
(NI-6259, National Instruments, Austin, TX, USA). The stim-
uli were send through an attenuator (ATT7, Otoconsult,
Frankfurt, Germany) and the recorded signals were fil-
tered (Butterworth filter 6thorder, high-pass filter frequency
200Hz, low-pass filter frequency 5kHz) and amplified by
80dB using a filter and amplifier combination (F1 device,
Otoconsult Comp., Frankfurt/M., Germany). Middle ear and
cochlear function were assumed normal for ABR threshold-
levels of 30 dB SPLpeak equivatent OF better. All ears included in
this study satisfied this criterion.

Surgery and cochlear implant insertion

The following measurements and procedures from right or
left ears were carried out sequentially (Fig. 1). Local anes-
thesia (2% lidocaine, 2 mL) was injected in the skin around
the pinna before a complete pinna resection. Muscle and
soft tissue were dissected, and the posterior-lateral part
of the bulla tympani was exposed and opened with a hol-
low needle under stereomicroscopic visualization (Carl Zeiss
OPMI® pico, Carl Zeiss, Goettingen, Germany). The lateral
bulla wall was further exposed and carefully removed using
a micro- rongeur to access the middle ear and the basal turn
of the cochlea, including the round window (RW), without
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Figure 1 Intraoperative microscopic view (left). D, Dorsal;
V, Ventral; A, Anterior; P, Posterior; be, Silver ball electrode;
rw, round window. Monopolar compound action potential (upper
right); red bar represents stimulus duration. Schematic image
of the electrode used in experiments (lower right).

damaging the tympanic membrane. A silver ball electrode
was positioned and fixed by a mechanical holder at RW infe-
rior lip and kept in place throughout the procedure. The
loudspeaker was placed near the entrance of the cartilage
of the external auditory canal using a conical adapter with-
out displacing or obstructing the ear canal. Cochleostomy
was performed 0.5mm ventral to the RW, with a 0.6 mm
diamond drilling burr at 4000rpm and care was taken to
avoid bone dust or blood to enter the cochlea. The Cl elec-
trode was inserted until all 6 Cl contacts were placed in the
scala tympani (hereinafter referred to as **6Ch in’’) or until
5 Cl contacts were inserted (hereinafter referred to as ‘‘5Ch
in’’).

After finishing the experimental procedures, the ani-
mals were euthanatized with a transcardial infusion of 2 mL
sodium pentobarbital (Release 300, WDT, Garbsen, Ger-
many). The silastic Cl carrier was then fixed in position at the
rim of the tympanic bulla (Histoacryl; B. Braun Melsungen
AG, Melsungen, Germany). The cadavers were decapi-
tated, and the heads preserved in 3.5%—3.7% formaldehyde
buffered solution before the following wCT imaging proce-
dure.

Cochlear recordings

Extra-cochlear compound action potentials (CAP) were
recorded using the silver ball electrode at the RW lip. Tone
bursts of 5ms duration (2.5ms rise/fall periods) were pre-
sented in randomized order at frequencies between 2 and
32kHz (with logarithmic increments of 4 steps/octave),
with sound pressure levels between 0 and 90dB SPL in
10dB steps. Stimuli were generated using the software
AudiologylLab 25 (Otoconsult, Frankfurt, Germany). The
sound output was calibrated using a %-in. microphone (type
4939, Briel&Kjaer, Naerum, Denmark) in combination with
a preamplifier (type 2670, Briel&Kjaer, Naerum, Denmark)
and a conditioning amplifier (type 2690, Nexus, Briiel&Kjaer,
Denmark) connected to the National Instruments board. The
recording signals were filtered between 5Hz and 5 kHz and
averaged over 20 stimulus presentations. CAP measurements
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were performed following the opening of the bulla, imme-
diately after cochleostomy and after the Cl insertion.

Data analysis

Recorded data was analyzed in the range of 4 octaves
(2 —-32kHz) at 9 sound levels (0 —80dBsp ) using custom-
made MATLAB routines (MathWorks, Natick, MA, USA), Prism
(Graph Pad Software Inc., La Jolla, CA, USA) and Microsoft
Excel (Professional Edition, 2007, Microsoft Corp, Redmond,
WA). We extracted the compound action potentials (CAPs),
from the electrocochleographic potential by differentially
adjusted offline filters (Fig. 1). During the offline analy-
sis of the CAPs, the recording signal was averaged over
both condensation and rarefaction stimulus presentations
to largely exclude CMs. The recording signal was filtered
between 200 Hz and 5 kHz. CAPs were identified by the mor-
phology of the typical Ny and P, components at the beginning
of the stimulus (analysis window between 0 and 10 ms) and
the peak-to-peak amplitude was computed. The threshold
value was defined as the lowest intensity able to evoke a
response two times larger than the baseline amplitude.

Statistical comparisons were performed using the paired
Wilcoxon test and Mann-Whitney, for independent groups. A
probability of p <0.05 was considered as significant. Results
were expressed as mean + standard error of the mean (SEM),
unless stated differently.

Micro-computed tomography imaging and
three-dimensional reconstruction

Guinea pig heads with the implants fixed in place and pre-
served in 3.5%—3.7% formaldehyde buffered solution were
scanned on a micro-computed tomography system (uCT,
XtremeCT |l, SCANCO Medical AG, Briittisellen, Switzer-
land) using a defined protocol for a voxel size resolution of
17.0 um (68 kVp, 1470 pA, 100W).

A high resolution uCT Dataset of an unimplanted, left
cochlea was used to reconstruct the length of the basilar
membrane along the midpoint between osseous spiral lam-
ina and the attachment point of the spiral ligament in the
3D analysis software Amira (Version 6.0.1, FEI Corp., Hills-
boro, OR, USA). The reconstruction included the hook region
(curved basal region, adjacent to the round window). All
implanted specimens were registered to this template in
Amira. Right cochleae were mirrored to enable the registra-
tion. Then the coordinates of the contacts were measured.
Thereafter, in order to turn this three-dimensional data (spi-
ral shape), in a two-dimensional plane, values were rotated
and projected in a rostro caudal two-dimensional repre-
sentation of the cochlea. The projection was rotated to
represent a view along the mid-modiolar rostro-caudal axis
intersecting with the vertical perpendicular to summit of
the basilar membrane before turning into the hook region
(summit point). In this manner the length of the basilar
membrane in percent, as described by Viberg et al.,?? the
insertion depth (last contact as endpoint of insertion rel-
ative to basilar membrane length) and the insertion angle
(relative to the perpendicular from summit point to the
midmodiolar axis) were determined (Fig. 2).

The frequency-position of the electrode channels was
also calculated, according to the species-specific Green-
wood equation, in which 2.59 mm (~14% of the cochlear
length) distance inside the cochlea corresponds to 1 octave
(2.59 mm/octave).

Electrophysiological data was analyzed from 24 ears in 14
guinea pigs and of those, wCT images were obtained from 20
earsin 10 animals. However, five datasets had to be excluded
because of postmortem displacement of the Cl or imaging
problems; 15 ears of 9 animals were then included in the
wCT analysis.

Results

Extra-cochlear responses obtained with the silver ball elec-
trode were evaluated as minimum thresholds at which a
CAP was visible in the 2 — 32 kHz frequency range. Implan-
tations could be anatomically reconstructed in 15 cochleae
(Fig. 2) and showed different implantation depths in differ-
ent animals (see below). Deepest implantations in optimal
conditions may approach 270° insertion angle in the guinea
pig. In the present experiments, no anatomical implantation
trauma was detected in nCT images.

In the present experiments normal hearing animals were
used; these are considered an extreme case that would not
be implanted in clinical condition. However, this condition
provides the optimal case for comparing the implantation
trauma along the whole cochlear partition at high sensitivity.

Data from the 24 investigated cochleae are shown in
Fig. 3A, displayed as mean and standard error of the
mean (SEM). Immediately after cochleostomy, Threshold
shifts (TS) were minimal or absent, and non-significant
at all frequencies evaluated. However, in all cases elec-
trode insertion caused some threshold shift. Significant TS
occurred mainly at frequencies from 4.7-9.5 kHz. Responses
to frequencies from 2.0 —4.0kHz were less affected by
the implantation. Considering the length of the electrode
(3.5mm from apical to basal contact) and the Green-
wood function,?? insertion induced shifts around the apex
of the implant, in frequencies extending approximately
0.5-1 octave (or 1.3-2.6 mm) apically beyond the electrode
coverage. This was confirmed by the implantation depths
anatomically reconstructed in the 15 cochleae with uCTs
images available (Fig. 2).

On average, TS reached at maximum 16.5+2.7 dB, con-
sidering the 24 ears. This was a very mild hearing loss.
The implantations as reported during surgery were subse-
quently divided to 5 contacts implantations (i.e. shallower
implantations) and 6 contacts implantations (i.e. deeper
implantations). In the 6 contact insertions (denoted in what
follows as 6Ch) presented larger shifts (23.0 + 3.5dB, max-
imum TS) when compared to 5 contact insertions (denoted
in what follows as 5Ch; 10.0+4.5dB maximum TS) (Fig. 3
B and C). TS were observed in the 4.7 and 5.6 kHz frequen-
cies exclusively in the 6Ch group (not observed in the 5Ch
group). Directly comparison of 6Ch to 5Ch groups revealed
statistically significant differences in the frequency range of
5.7 —9.5kHz (Fig. 3D).

Peak-to-peak amplitudes of suprathreshold CAPs were
analyzed subsequently (Fig. 4), for different frequencies
(2—-32kHz) and 50, 60 and 70dB SPL. There were no
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rostral view

Figure 2

2D Projection

WSS RPN N T
i@ 6chin

[mm]

Insertion path reconstruction. A, Dorsal and lateral view of nCT data from an implanted cochlea (yellow, M) to the

unimplanted template (grey, T) is depicted. The registration was performed to obtain the most agreement between the bony
cochleae. The position of the Cl with the wCT blooming artefacts is shown in blue (ci: cochlear implant; mo: modiolus; rw: round
window; sm: scala media; sv: scala vestibuli). B, Lateral and rostral view of a digital radiograph view (from pnCT data in Amira) of
the non-implanted template with the reconstructed basilar membrane position (bm) and a superimposed exemplary cochlea implant
position (cip) reconstruction. The images show the mid-modiolar axis (ma), the summit point of the basilar membrane reconstruction
(sp) and the perpendicular to the modiolar axis (p). The measurement of the insertion angle (here 185.4°) is exemplified in the
rostral view. C, Two dimensional projections in basal to apical direction of 15 cochlear implant positions from wCT data relative
to the basilar membrane reconstruction. A pronounced difference in insertion depth between 5 contact (5Ch in, dark grey) and 6
contact (6Ch in, light grey) insertions is visible (round window and hook region on top, projection centered to mid-modiolar axis,

compare B).

differences between initial and cochleostomy conditions
for neither stimulus level. Electrode insertion, however,
induced a statistically significant decrease in CAP ampli-
tudes at frequencies 6.7, 8.0 and 9.5 for 70, 60 and 50dB
level of stimulation when all cases were considered together
(Fig. 4 A, B and C), mirroring the TS shown in Fig. 3.

Subsequently we compared the deep and shallow implan-
tations. With 5Ch implanted, we did not find statistically
significant implantation effects on the amplitudes for all
levels tested (Fig. 5 A, B and C). On the other hand, the
6Ch group showed amplitude changes covering a broad fre-
quency range of 4 — 16 kHz (Fig. 5A—F).

Amplitude change for all cases together is evaluated
in Fig. 6 for both groups pooled together. There were no
significant amplitude changes detected after cochleostomy

(Fig. 6A). After implantation, threshold shifts were found
mainly from 5.6-11.3 kHz. When dividing the cases between
5Ch and 6Ch groups, larger amplitude changes and a broader
frequency spectrum in the deeper insertion group (6Ch
group) were identified (Fig. 7 A—C). Amplitude changes
were particularly larger for the 6Ch group at 4.7 and 9.5 kHz.

From all insertions reconstructed in pCT the median
lowest characteristic frequency reached by the implanted
electrode was 8.04kHz. The deepest insertion in our subset
reached 5.51 kHz, whereas the shallowest insertion reached
9.96 kHz.

Implantations in 5Ch group covered less than 33% (aver-
age: 31,3%; +£1.1%) of the full basilar membrane length. On
the other hand, the 6Ch group showed deeper implantations:
more than 34% of the full basilar membrane length in every
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case (average: 37,1%; +£2.5%). The average insertion depth
of the most apical electrode (Ch1) was 5340 + 307 wm in 6Ch
group vs. 4448 290 um in 5Ch group.

Finally, the electrode depth and its calculated frequency
positions were related to the threshold shift caused by the
implantation (post threshold - pre threshold). There was no
significant correlation between the insertion depth and the
maximal hearing loss Fig. 8A. A significant positive relation
between the frequency position of electrode contact 1 and
hearing loss at 5.6 kHz was observed (Fig. 8B). The 5.6 kHz is
the lowest frequency in which a significant is detected and
was therefore chosen. This result documents that there are
other factors beyond implantation depth that are responsi-
ble for the largest hearing loss observed, but the previous
data clearly show that the danger of hearing loss per se is
higher if deeper implantations are attempted.

Discussion

The present study evaluates implantation trauma in the
context of Cl surgery in normal-hearing guinea pigs. This
exceptional condition, not accessible in humans, allowed
comparing the implantation trauma specifically at different
cochlear partitions. Furthermore, the experiments allowed
relating the position of the electrode using anatomical
reconstruction with a uCT.

This study demonstrated that it is possible to implant
a hearing ear without hearing loss?® provided implanta-
tions avoided insertion till a resistance was felt (5Ch group;
comparable to previous findings).?* Similarly, in human tem-
poral bones it could be demonstrated that cochlear damage
cannot be always detected by the surgeon because the
related forces are below the sensitivity of the human hand.?®
Avoiding the resistance should therefore be one goal of
cochlear implantation.

Deeper electrode insertions had a larger impact on the
inner ear function. The elicited tone-specific CAP indirectly
reflects electrode position by its frequency specificity. TS
and amplitude changes increased also in lower frequencies
when the electrode reached cochlear regions in the 2nd half
of the basal turn (beyond 180°). Despite this the results
also showed that electrode insertion may be accomplished
causing virtually no effect in apical-most frequency regions
(< 4kHz). Usually, electrophysiological interference spreads
beyond electrode tip, towards frequencies represented in
second cochlear turn. This may be the consequence of the
damage that affects the basilar membrane or be due to a
piston-type of effect when the scala tympani is filled out by
the cochlear implant (as also seen previously).?*

Electrode insertion could be accomplished in some cases
with restricted hearing loss, keeping several frequency
ranges unaltered. In this data series, we did not check for
reversibility of the threshold shifts by withdrawing the elec-
trode, as other authors® %2 did, which could help reveal the
etiology of the amplitude shifts, as mechanical interference
to basilar membrane.

It is interesting that the implantation trauma in the
present cases involved mainly the electrode tip.?’~?° Trauma
in human temporal bones has been observed at the base
of the cochlea due to implant buckling after resistance
is encountered.” We did not observe such damage here.
Whether this is due to different anatomy of the guinea
pig cochlea, due to dedicated implants for guinea pig with
different mechanical properties or due to different angle
in inserting the implant to the cochlea (the position of
cochleostomy in guinea pig vs. human cochlea).

In some cases, we observed amplitude increases in some
frequencies after cochleostomy or even electrode insertion,
which could be due to perilymph leakage and contact to
extra-cochlear electrode. This phenomenon could increase
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signaling because of direct intra-cochlear potential detec-
tion. Another possibility is that the effect of stiffening due
to the electrode in basal turn may increase motion in more
apical turns.*°

ECochG response changes during Cl are consistent with
previous results®'=3* showing smaller CAP amplitudes and
higher thresholds, indicating cochlear damage. We did not
address cochlear damage directly by means of hair cell
counts or other histologic techniques, whereas we con-
sider that our aim is not to elucidate the etiology of
cochlear trauma. Direct comparisons between histology
and electrophysiological data may be variable, as seen in
other studies.®"? Previous studies have issued ECochG as
a guide during cochlear implantation, identifying markers
of mechanical damage and correlating with post-operative
performance.?’ Magnitude of CAP and CM amplitude loss
can be correlated to the degree of histological damage
caused by basilar membrane penetrations.'” Here we cannot
provide the eventual explanation of the cochlear trauma.
While several candidate mechanisms may be involved (direct
mechanical damage to hair cells by lifting the basilar mem-
brane; detachment of tectorial membrane from outer hair
cells; interference with the potassium recycling or mechan-
ical damage to the stria vascularis) and basilar membrane
damage remains a possibility; the small effect size observed
here likely indicates a predominant influence on the outer
hair cells.

The scala tympani cross sectional area as a function
of distance from round window was characterized by Ghiz
et al.>* The electrode used in our study has a cross sec-
tional area of 0.196 mm? (0.5 mm diameter), with 4.5mm
maximum length. In guinea pigs, the cross-sectional area
of the scala tympani abruptly diminishes towards apical in
the first turn region (from circa 1.28 mm? at the widest
point of hook area to circa 0.29 mm? at 5mm round win-
dow distance).** Our 5Ch cases have presumably reached ST
in larger cross-sectional areas compared to our 6Ch inser-
tions (700 micrometres longer), which reached narrower
regions. The surrounding ST microenvironment in which the
electrode is positioned is probably determinant of the dif-
ferences encountered in our insertions. The narrower the
region, the lesser amount of perilymph around and closer
the electrode is to the organic signal source. Also, the pos-
sibility of basilar membrane contacts or even damage when
the electrode advances further in ST is higher.

We are aware that damage to cochlear microanatomy
and hearing loss after CI may occur weeks to months
after surgery,® which is a main concern when hearing
preservation is a goal. Many factors are involved, including
inflammation, fibrosis, hydrops, mechanical effects (move-
ment of the electrode) and even idiopathic factors.*® These
events may take place with or without clearly observable
histologic and/or radiologic damage. We did not observe in
our u.CT sequences gross trauma over the spiral osseous lam-
ina or other transgressions in the electrode path inside the
cochleae. Nevertheless, nCT has limited accuracy and reso-
lution for detecting trauma in membranous structures, such
as the organ of Corti and stria vascularis.

Our data suggests that shorter electrodes have lesser
impact on cochlear physiology, on an intraoperative setting.
A present dilemma is that although short electrodes seem
safer, they may offer less performance to Cl users, mainly

but not only in the context of electroacoustic stimulation.
Ideal placement and positioning are therefore desirable.
Intraoperative events in Cl surgery are potentially crucial
to surgical decisions, and electrophysiology may be a tool to
indicate the choice of an electrode over another. Finally, the
human cochlear anatomy is highly variable.”-3® The present
study suggests that predictions of the implantation process
may prevent too- deep implantations, and thus precise plan-
ning in surgery, using imaging,**“’ supported by cochlear
models*'~** and electrophysiology** 4% might help to pre-
vent cochlear trauma.

Conclusion

In this guinea pig model of cochlear implantation,
cochleostomy induced little or none impact in the extra-
cochlear compound action potentials. Deeper insertions led
to greater hearing loss, including the cochlear region apical
to the implant position. The hearing loss was restricted to a
predicable frequency range around the tip of the cochlear
implant.

Funding

J.S.C.A received a scholarship from CAPES Foundation, Min-
istry of Education of Brazil, Brasilia - DF 70.040-020, Brazil.

Authors’ contributions

José Santos Cruz de Andrade and Peter Baumhoff con-
tributed equally to this work: data acquisitions and analysis,
writing and reviewing the paper. Andrej Kral made data
analysis, writing and reviewing the paper. Oswaldo Laércio
Mendonca Cruz and Thomas Lenarz both made writing and
reviewing the paper.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

The study has been supported by Deutsche Forschung
gemeinschaft within the Cluster of Excellence ‘‘Hearing 4
All’” and MedEL Comp., Innsbruck, Austria. The authors thank
Daniela and Karl-Jiirgen Kiihne for their technical support.

References

1. Lenarz T. Cochlear Implant - State of the Art. Laryngorhi-
nootologie. 2017;96:123-51.

2. Von Ilberg C, Kiefer J, Tillein J, Pfenningdorff T, Hartmann
R, Stiirzebecher E, et al. Electric-acoustic stimulation of the
auditory system. New technology for severe hearing loss. Orl.
1999;61:334-40.

3. Gantz BJ, Turner CW. Combining acoustic and electrical hearing.
Laryngoscope. 2003;113:1726-30.

4. Giordano P, Hatzopoulos S, Giarbini N, Prosser S, Petruccelli J,
Simoni E, et al. A soft-surgery approach to minimize hearing

553


http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0005
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0010
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0015
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020

J.S. Andrade, P. Baumhoff, O.L. Cruz et al.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

damage caused by the insertion of a cochlear implant electrode:
a guinea pig animal model. Otol Neurotol. 2014;35:1440-5.

. Gstoettner WK, van de Heyning P, O’Connor AF, Morera C,

Sainz M, Vermeire K, et al. Electric acoustic stimulation of the
auditory system: results of a multi-centre investigation. Acta
Otolaryngol. 2008;128:968-75.

. Gantz BJ, Hansen MR, Turner CW, Oleson JJ, Reiss LA, Parkinson

AJ. Hybrid 10 Clinical Trial: Preliminary Results. Audiol Neuro-
tol. 2010;14:32-8.

. Suhling M-C, Majdani O, Salcher R, Leifholz M, Biichner A,

Lesinski-Schiedat A, et al. The impact of electrode array length
on hearing preservation in cochlear implantation. Otol Neuro-
tol. 2016;37:1006-15.

. Jurawitz M-C, Buchner A, Harpel T, Schussler M, Majdani

0, Lesinski-Schiedat A, et al. Hearing preservation out-
comes with different cochlear implant electrodes: Nucleus®
Hybrid™-124 and Nucleus Freedom™ Cl422. Audiol Neurootol.
2014;19:293-309.

. Choudhury B, Adunka OF, DeMason CE, Ahmad Fl, Buchman

CA, Fitzpatrick DC. Detection of intracochlear damage with
cochlear implantation in a gerbil model of hearing loss. Otol
Neurotol. 2011;32:1370-8.

Choudhury B, Adunka OF, Awan O, Pike JM, Buchman CA, Fitz-
patrick DC, et al. Electrophysiologic consequences of flexible
electrode insertions in gerbils with noise-induced hearing loss.
Otol Neurotol. 2014;35:519-25.

Mealler AR. On the origin of the compound action potentials (N1,
N2) of the cochlea of the rat. Exp Neurol. 1983;80:633-44.
Eggermont JJ. Analysis of compound action potential responses
to tone bursts in the human and guinea pig cochlea. J Acoust
Soc Am. 1976;60:1132-9.

Dallos P, Cheatham MA. Compound Action Potential (AP) tuning
curves. J Acoust Soc Am. 1976;59:591-7.

Zheng XY, Ding DL, McFadden SL, Henderson D. Evidence that
inner hair cells are the major source of cochlear summating
potentials. Hear Res. 1997;113:76-88.

Durrant JD, Wang J, Ding DL, Salvi RJ. Are inner or outer hair
cells the source of summating potentials recorded from the
round window? J Acoust Soc Am. 1998;104:370-7.

Cody AR, Russell IJ. Acoustically induced hearing loss:
intracellular studies in the guinea pig cochlea. Hear Res.
1988;35:59-70.

Adunka OF, Mlot S, Suberman TA, Campbell AP, Surowitz J,
Buchman CA, et al. Intracochlear recordings of electrophysi-
ologic parameters indicating cochlear damage. Otol Neurotol.
2011;31:1233-41.

Campbell AP, Suberman TA, Buchman CA, Douglas C, Adunka
OF. Correlation of early auditory potentials and intracochlear
electrode insertion properties: an animal model featuring near
real-time monitoring. Otol Neurotol. 2011;31:1391-8.
DeMason C, Choudhury B, Ahmad F, Fitzpatrick DC, Wang J,
Buchman CA, et al. Electrophysiological properties of cochlear
implantation in the gerbil using a flexible array. Ear Hear.
2012;33:534-42.

Adunka O, Roush P, Grose J, Macpherson C, Buchman C.
Monitoring of cochlear function during cochlear implantation.
Laryngoscope. 2006;116:1017-20.

Haumann S, Imsiecke M, Bauernfeind G, Biichner A, Helm-
staedter V, Lenarz T, et al. Monitoring of the inner ear function
during and after cochlear implant insertion using electro-
cochleography. Trends Hear. 2019;23:1-18.

Viberg A, Canlon B, Engstro H. The guide to plotting a
cochleogram. 2004;197:1-10.

Sato M, Baumhoff P, Kral A. Cochlear implant stimulation of a
hearing ear generates separate electrophonic and electroneural
responses. J Neurosci. 2016;36:54-64.

Helmstaedter V, Lenarz T, Erfurt P, Kral A, Baumhoff P. The
summating potential is a reliable marker of electrode position

25.

26.

27.

28.

29.

30.

31.

33.

35.

36.

39.

40.

M.

42.

554

in electrocochleography: Cochlear implant as a theragnostic
probe. Ear Hear. 2018;39:687-700.

Avci E, Nauwelaers T, Hamacher V, Kral A. Three-dimensional
force profile during cochlear implantation depends on indi-
vidual geometry and insertion trauma. Ear Hear. 2017;38:
168-79.

DeMason, Christine Baishakhi Choudhury, Ahmad Faisal,
Fitzpatrick Douglas C, Wang Jacob, Craig A, et al. Electrophys-
iological properties of cochlear implantation in the gerbil using
a flexible array. Ear Hear. 2013;33:534-42.

Wanna GB, Noble JH, McRackan TR, Dawant BM, Dietrich MS,
Watkins LD, et al. Assessment of electrode placement and
audiological outcomes in bilateral cochlear implantation. Otol
Neurotol. 2011;32:428-32.

Finley CC, Holden TA, Holden LK, Whiting BR, Chole RA,
Neely GJ, et al. Role of electrode placement as a contribu-
tor to variability in cochlear implant outcomes. Otol Neurotol.
2008;29:920-8.

O’Leary MJ, House WF, Fayad J, Linthicum FH. Electrode inser-
tion trauma in cochlear implantation. Ann Otol Rhinol Laryngol.
1991;100:695-9.

Kiefer J, Bohnke F, Adunka O, Arnold W. Representation of
acoustic signals in the human cochlea in presence of a cochlear
implant electrode. Hear Res. 2006;221:36-43.

Dalbert A, Huber A, Veraguth D, Roosli C, Pfiffner F. Assess-
ment of cochlear trauma during cochlear implantation using
electrocochleography and cone beam computed tomography.
Otol Neurotol. 2016;37:446-53.

. Dalbert A, Pfiffner F, Hoesli M, Koka K, Veraguth D, Roosli C,

et al. Assessment of cochlear function during cochlear implan-
tation by extra- and intracochlear electrocochleography. Front
Neurosci. 2018;12:1-9.

Dalbert A, Rohner P, Roosli C, Veraguth D, Huber A, Pfiffner
F. Correlation between electrocochleographic changes during
surgery and hearing outcome in cochlear implant recipients: a
case report and systematic review of the literature. Otol Neu-
rotol. 2020;41:318-26.

. Ghiz AF, Salt AN, DeMott JE, Henson MM, Henson OW, Gewalt

SL. Quantitative anatomy of the round window and cochlear
aqueduct in guinea pigs. Hear Res. 2001;162:105-12.

Rowe D, Chambers S, Hampson A, Eastwood H, O’Leary S. The
effect of round window sealants on delayed hearing loss in
a guinea pig model of cochlear implantation. Otol Neurotol.
2016;37:1024-31.

James DP, Eastwood H, Richardson RT, O’Leary SJ. Effects
of round window dexamethasone on residual hearing in a
guinea pig model of cochlear implantation. Audiol Neurotol.
2008;13:86-96.

. Avci E, Nauwelaers T, Lenarz T, Hamacher V, Kral A. Varia-

tions in microanatomy of the human cochlea. J Comp Neurol.
2014;522:3245-61.

. Erixon E, Hogstorp H, Wadin K, Rask-Andersen H. Variational

anatomy of the human cochlea: Implications for cochlear
implantation. Otol Neurotol. 2009;30:14-22.

Wirfel W, Lanfermann H, Lenarz T, Majdani O. Cochlear length
determination using cone beam computed tomography in a clin-
ical setting. Hear Res. 2014;316:65-72.

Labadie RF, Noble JH. Preliminary results with image-
guided cochlear implant insertion techniques. Otol Neurotol.
2018;39:922-8.

Pietsch M, Aguirre Davila L, Erfurt P, Avci E, Lenarz T, Kral A. Spi-
ral Form of the human cochlea results from spatial constraints.
Sci Rep. 2017;7:1-11.

Schurzig D, Timm ME, Batsoulis C, Salcher R, Sieber D, Jolly
C, et al. A novel method for clinical cochlear duct length esti-
mation toward patient-specific cochlear implant selection. OTO
Open. 2018;2:1-8.


http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0020
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0025
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0030
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0035
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0040
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0045
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0050
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0055
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0060
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0065
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0070
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0075
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0080
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0085
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0090
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0095
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0100
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0105
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0110
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0115
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0120
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0125
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0130
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0135
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0140
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0145
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0150
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0155
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0160
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0165
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0170
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0175
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0180
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0185
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0190
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0195
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0200
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0205
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0210

Brazilian Journal of Otorhinolaryngology 2022;88(4):546-555

43. Escudé B, James C, Deguine O, Cochard N, Eter E, Fraysse B.

The size of the cochlea and predictions of insertion depth angles
for cochlear implant electrodes. Audiol Neurotol. 2006;11:
27-33.

. Adunka OF,
Surowitz J,
ings  of
cochlear

TA, Campbell AP,
Intracochlear record-
parameters  indicating
2010;31:1233-41.

Mlot S, Suberman

Buchman CA, et al.
electrophysiological

damage. Otol  Neurotol.

45.

555

Giardina CK, Khan TE, Pulver SH, Adunka OF, Buchman CA,
Brown KD, et al. Response changes during insertion of a cochlear
implant using extracochlear electrocochleography. Ear Hear.
2018;39:1146-56.


http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0215
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0220
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225
http://refhub.elsevier.com/S1808-8694(20)30149-X/sbref0225

	Cochlear implantation in an animal model documents cochlear damage at the tip of the implant
	Introduction
	Methods
	Experimental procedures
	Electrode technical details
	Anesthesia and monitoring
	Auditory brainstem response (ABR) measurements
	Surgery and cochlear implant insertion
	Cochlear recordings
	Data analysis
	Micro-computed tomography imaging and three-dimensional reconstruction

	Results
	Discussion
	Conclusion
	Funding
	Authors' contributions
	Conflicts of interest
	Acknowledgements
	References


