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. Introduction: After total laryngectomy, decreased olfactory function and olfactory bulb volume
Laryngectomy; : o : :
e e shrinkage have been reported to occur due to olfactory deprivation caused by nasal airflow inter-
Rehabilitat%on' ruption. There is evidence that the olfactory system can be modulated by repeated exposure to
Training ’ odors in a procedure called olfactory training. However, it is not known whether any recovery

of the lost olfactory bulb volume is possible by eliminating olfactory deprivation via olfactory
rehabilitation long after laryngectomy.

Objective: This study examined the recovery of olfactory function and the change in olfactory
bulb volume via long-term olfactory rehabilitation after total laryngectomy.

Methods: Possible causes of olfactory dysfunction in the study participants were evaluated by
collecting detailed anamnesis. As olfactory tests, orthonasal butanol threshold and odor dis-
crimination tests were performed. Three-dimensional olfactory bulb volumes were calculated
using manual segmentation on T2-weighted coronal magnetic resonance images. In olfactory
rehabilitation, four different odors were applied to all patients orthonasally, using a larynx
bypass technique for 30 min per day for 6 months. Olfactory tests were performed before the
rehabilitation and after 6 months of rehabilitation, and olfactory bulb volume measurements
were performed using magnetic resonance images.

Results: Eleven patients diagnosed with advanced laryngeal cancer who underwent total laryn-
gectomy and postoperative radiotherapy with a follow-up of 5-10 years were included in the
study. All patients were male, and the mean age was 58.18 +£4.17 years. In total laryngec-
tomized patients, the olfactory bulb volumes measured on magnetic resonance images were
42.254 12.8 mm? before and 55.5 & 11.22 mm? after rehabilitation, and this increase was highly
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significant. Olfactory test scores were 2.3 +1.27 before and 4.39 +0.86 after rehabilitation,
and this increase was also highly significant.

Conclusion: As a result of the olfactory rehabilitation applied by providing orthonasal air flow,
the olfactory function lost after total laryngectomy was improved considerably, and the olfac-
tory bulb volume was significantly increased. The increase in olfactory bulb volume in total
laryngectomy patients via olfactory rehabilitation to eliminate olfactory deprivation due to
nasal airflow interruption was demonstrated for the first time in this prospective longitudinal

study.

© 2021 Associacao 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

Olfactory loss not only negatively affects quality of life but
may even jeopardize the patient’s personal safety because
of the inability to detect smoke or other dangerous olfactory
signals.'

The olfactory nerve is a nerve pertaining to sensory func-
tion of smell (olfaction) alone. The olfactory system consists
of the epithelium, bulb, and tracts associated with the cor-
tical olfactory area, also known as the rhinencephalon. The
olfactory bulb (OB) consists of the sensory afferents of the
olfactory receptor cells located in the olfactory neuroepi-
thelium. The OB is thought to be the most important station
of the olfactory pathways connecting the peripheral and
cortical structures. The OB reflects the level of afferent neu-
ral activity and maintains a degree of plasticity throughout
adult life.?

After total laryngectomy, air flow does not reach the
olfactory mucosa due to interrupted nasal airflow; as a
result, the olfactory center is deprived of olfactory stimuli.
Frequently, this deprivation soon leads to severe hyposmia
and anosmia. Despite being reported in laryngectomized
patients, this olfactory loss has been widely overlooked in
previous studies.'"* As a result of olfactory stimulus depri-
vation, the OB volume diminishes due to decreased cell
numbers over time.* Interrupted nasal breathing as a result
of tracheostomy after laryngectomy leads to significant
olfactory loss in patients. Significantly impaired olfactory
ability has been observed in laryngectomized patients.>°

Magnetic resonance imaging (MRI) is a reliable and ideal
technique for OB volume measurements. The OB volume
also reflects the functional status of this structure in the
human olfactory system due to its plasticity. Regarding OB
volume measurements, post-traumatic olfactory dysfunc-
tion and neurodegenerative diseases have been evaluated in
total laryngectomized patients and individuals with normal
olfaction.””® Veyseller et al. demonstrated in both cross-
sectional and longitudinal studies that olfactory dysfunction
and OB volume shrinkage occur in laryngectomy patients.>¢

As yet, no effective method is universally accepted for
the treatment of olfactory dysfunction. Olfactory rehabili-
tation through olfactory training consists of modulating the
systemic regeneration process by repeatedly exposing the
olfactory system to particular odors. '

Significant improvements in olfactory test results after
olfactory training in patients with post-traumatic and post-

infectious olfactory dysfunction have been reported." The
training is performed once a day using four odors: phe-
nylethyl alcohol (rose), eucalyptol (eucalyptus), citronellal
(lemon), and eugenol (clove).'>" There are also studies
on the improvement of olfactory function in laryngectomy
patients via olfactory rehabilitation.”'*"

This study was conducted prospectively and longitu-
dinally in patients after laryngectomy to demonstrate
improvements in olfactory function and changes in OB
volumes via olfactory rehabilitation achieved by restoration
of nasal air flow.

Methods

This prospective study was conducted on patients admitted
to the Ear, Nose and Throat (ENT) and Head and Neck Sur-
gery Clinic with the assistance of the Radiology Clinic. The
study was carried out in accordance with the Declaration of
Helsinki (WMA 1997). Approval was obtained from the ethics
committee, and the participants gave written consent after
being informed about the study. (Approval number of the
ethics committee: (2017-KAEK-120)/2/2020.G-068).

Patients with a history of nasal polyposis, neurological
or psychiatric diseases, head trauma or nasal surgery that
may cause olfactory impairment before laryngectomy were
excluded. Routine ENT examinations, paranasal sinus com-
puted tomography, orthonasal olfactory tests, and cranial
MRI were performed for OB volume measurements in all
patients. Cranial MRI and orthonasal olfactory tests were
conducted before and 6-months after laryngectomy. In addi-
tion, a complete neurological examination and Mini-Mental
evaluation tests, as well as cranial MRI, were performed to
exclude possible cognitive disorders or neurodegenerative
diseases.

The orthonasal olfactory test devised by the Connec-
ticut Chemosensory Clinical Research Center (CCCRC) was
used.’®" The possible score ranges obtained from the
CCCRC orthonasal tests are shown in Table 1.

OB volume measurements were performed by MRI images
(Fig. 1) using the 1.5T General Electric Signa Excite MRI
device by three-dimensional evaluation on coronal T2-
weighted Turbo Spin Echo (TSE) sections using a manual
segmentation method. The sections had a slice thickness of
2 mm without intersection gaps (gap =0). All measurements
were performed by the same experienced radiologist, sepa-
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Figure 1

Three-dimensional measurements of the right olfactory bulb (OB) volume in a 66-year-old male patient on T2-weighted

coronal (a, first row), axial (b, middle row), and sagittal (c, bottom row) magnetic resonance images. The patient’s right OB volume

was 76 mm? after olfactory rehabilitation.

rately from both sides, without knowledge of whether the
images were obtained before or after treatment. OB volume
measurements were calculated in mm? (Figs. 1 and 2)."""2
Patients with post-traumatic parenchymal or meningeal
hemosiderin accumulation in brain tissues on T2-weighted
Gradient Echo Sequence (GRE) MRI sections were exclu-
ded from the study. In addition, conventional cranial MRI

sequences were screened for other organic disorders of the
brain, and individuals with any pathology were excluded
from the study.

For olfactory rehabilitation, air flow was provided to
the nasal olfactory mucosa, and access of odor particles
to the olfactory region was achieved using a larynx bypass
technique. During olfactory rehabilitation, the training was
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Figure 2

Changes in the three-dimensional volume measurement of the left OB in a total laryngectomized patient on magnetic

resonance images, before olfactory rehabilitation (a-c, upper row) and after olfactory rehabilitation (d-f, lower row), as coronal
(a, d), axial (b, e), and sagittal (c, f) images, respectively. The left OB volume was 35 mm? and 44 mm? before and after olfactory

rehabilitation.

a statistically significant effect on the difference in CCCRC

Table 1 CCCRC score ranges. scores and OB volumes pre/post rehabilitation, and thus can
Score ranges be safely eliminated from further analysis.

Anosmia 0-1.75 According to the box plots in Fig. 1, the CCCRC scores

Severe hyposmia 2-3.75 and OB vo.lume.s are noFiceably hjgher as a result of the

Moderate hyposmia 4-4.75 rehabilitation, in line with our prior belief that the reha-

Mild hyposmia 5-5.75 bilitation helps increase CCCRC scores and OB volumes.

T e 6-7 The Wilcoxon test for paired samples also confirms that

performed for 30min a day for 6 months using four odors:
phenylethyl alcohol (rose), eucalyptol (eucalyptus), citro-
nellal (lemon), and eugenol (clove).

In this section, we perform statistical analysis to inves-
tigate if the rehabilitation helps counteract the reduction
in CCCRC scores and OB volumes due to laryngectomy (i.e.,
are the CCCRC scores and OB volumes higher after 6 months
of postoperative rehabilitation compared to right after the
laryngectomy?). We consider that the results with a p-value
less than 0.05 are statistically significant.

Descriptive statistics are presented in the Table 2. The
majority of the patients are middle-aged (range: 52-66),
and the ANCOVA analysis reveals that ‘‘age’’ does not have

Table 2 Descriptive statistics.

the post-rehabilitation CCCRC scores and OB volumes are
higher than the pre-rehabilitation values measured 6-
months apart (highly statistically significant with p-values
of 0.001) (Fig. 3).

Results

A total of 11 patients diagnosed with advanced laryngeal
cancer were included. All patients were male. The youn-
gest and oldest patients were 52 and 66 years old, with a
mean age of 58.18 +£4.17 years. All patients had a history of
smoking — mean 25 (range 10-40) cigarettes/day.

In all 11 laryngectomized patients, the mean OB
volume before rehabilitation was 42.5 (with a stan-
dard deviation of 12.8 and range 28.5-62.5)mm?

Group 1 (pre rehab, n=11)

Group 2 (post rehab, n=11)

Variables Mean SD Median Range Mean SD Median Range

Age (yr) 58.18 4.17 58 (52-66) 58.18 4.17 58 (52-66)
CCCRC 2.3 1.27 1.75 (0.5-4.5) 4.39 0.86 4.5 (2-5.25)
OB 42.5 12.8 43 (28.5-63) 55.5 11.22 54.5 (38.5-77.5)

0B, olfactory bulb volume; CCCRC, Connecticut Chemosensory Clinical Research Center test score.
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Table 3 Patient distribution among the CCCRC score
categories.
Category Before 6-months after
rehabilitation rehabilitation
Normal 0 0
Mild hyposmia 0 3
Moderate hyposmia 1 5
Severe hyposmia 3 2
Anosmia 6 0
Total 10 10
(Table 2), while the mean OB volume measured

after 6 months of olfactory rehabilitation was 55.5
(with a standard deviation of 11.22 and range
39.5-77.5)mm3. The OB volume was significantly lar-
ger after than before olfactory rehabilitation (p<0.001)
(Fig. 1).

CCCRC mean scores (butanol threshold and odor iden-
tification scores) were 2.3+1.27 (range 0.50-3.25) and
4.39 +0.86 (range 2.50-5.25) (out of 7) before and after the
6-month olfactory rehabilitation, respectively. The increase
in the score after the rehabilitation (at the end of 6-months)
was statistically significant (p<0.001) (Fig. 1). According
to the CCCRC scoring system, the score of 2.3 in patients
before rehabilitation indicated severe hyposmia, while the
score of 4.39 after rehabilitation demonstrated moderate
hyposmia.

According to the CCCRC scores before rehabilitation,
one patient was moderately hyposmic, three were seve-
rely hyposmic, and six were anosmic. After rehabilitation,
three patients were mildly hyposmic, five were moderately
hyposmic, and two were severely hyposmic (Table 3).

Discussion

Due to tracheostomy performed after total laryngectomy,
the nasal airway is interrupted, and the neuroepithelium
specialized for olfaction is deprived of odor particles.® Two
mechanisms potentially explaining olfactory loss after laryn-
gectomy are interruption of nasal airflow after laryngectomy
and impairment of neurosensory feedback mechanisms
after multiple peripheral nerve injuries during surgery.®

Il oB Pre [l OB Post

85

°

75

65

- =
45 |
35

25

Box plots for CCCRC scores and OB volumes pre/post rehabilitation.

The OB displays plasticity throughout adult life, based
on two major neurobiological mechanisms; one is related
to the continuity of neurogenesis from the subventricu-
lar zone, and the other is related to the continuity of
synaptogenesis. '

A reduction in OB volumes resulting in hypoplasia has
been shown to be the most important effect of olfactory
stimuli deprivation in animals.* The continuity in the OB
neuroblast flow from the subventricular zone in humans is
described in the CNS (Central Nervous System).'®

Bulbar neuroplasticity is associated with input from olfac-
tory receptor neurons.' The continuity of neurogenesis,
which is sensitive to environmental factors and stimuli,
results in neural recruitment, and sensitivity improves OB
volume."

Shehata et al. demonstrated that in patients with chronic
rhinosinusitis with nasal polyposis, postoperative improve-
ment in olfactory function and an increase in OB volumes
occurred 6 months after removal of the nasal blockade.?

Although pulmonary and vocal problems after total laryn-
gectomy have been widely covered in the literature, there
are few studies on the deterioration of olfactory function.’
OB volumes measured postoperatively in laryngectomized
patients were reported to be lower than those in a similar
age control group.>® Atrophy of the olfactory neuroepithe-
lium or the OB may play a role in the emergence of olfactory
problems in patients after laryngectomy.® 81921

The pathophysiology of olfactory reduction in laryngecto-
mized patients is not fully understood, and several theories
have been proposed. The interruption of nasopulmonary air
flow in laryngectomized patients automatically interrupts
the passive sniffing mechanism. Miani et al. suggested that
degeneration of the olfactory epithelium may result from
atrophy, inflammation, or disuse. Laryngectomy patients
show severe degeneration of the olfactory epithelium.??

In our study, although more than 5 years had passed since
laryngectomy and olfactory loss, the patients responded to
olfactory rehabilitation, and both odor perception and OB
volumes increased. This supports the fact that, after its acti-
vation, the olfactory system can regain its former functions
and structure due to its plasticity.

Our study is important in that it showed increases in both
CCCRC scores and OB volumes as a result of olfactory reha-
bilitation after laryngectomy.
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Conclusion

Olfactory function can recover even after several years after
laryngectomy using olfactory rehabilitation, and conse-
quently, OB volumes can increase.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments

Ethics approval was obtained from the local Research Ethics
Committee prior to the study.

Every participant patient was informed comprehensively
about the study and informed consent was obtained from
each of them.

This study was conducted in accordance with the tenets
of the Declaration of Helsinki.

All authors have substantial contributions to conception
and design, acquisition of data, or analysis and interpreta-
tion of data.

All authors have taken part by drafting the article or
revising it critically for important intellectual content.

All authors have final approval of the version to be publi-
shed.

All authors agreed to be accountable for all aspects of
the work.

References

1. Goektas O, Fleiner F, Frieler K, Scherer H, Paschen C. The scent-
diffusing ventilator for rehabilitation of olfactory function after
laryngectomy. Am J Rhinology. 2008;22:487-90.

2. Ackerstaf AH, Hilgers FJM, Aarson NK, Balm AJM. Communi-
cation, functional disorders, and lifestyle changes after total
laryngectomy. Clin Otolaryngol. 1994;19:295-300.

3. Fujii M, Fukazawa K, Hatta C, Yasuno H, Sakagami M. Olfactory
acuity after total laryngectomy. Chem Senses. 2002;27:117-21.

4. Cummings DM, Knab BR, Brunjes PC. Effects of unilateral
olfactory deprivation in the developing opossum, Monodelphis
domestica. J Neurobiol. 1997;33:429-38.

5. Veyseller B, Ozucer B, Aksoy F, Yildinm YS, Giirbiiz D, Balik¢1 HH,
et al. Reduced olfactory bulb volume and diminished olfactory
function in total laryngectomy patients: a prospective longitu-
dinal study. Am J Rhinol Allergy. 2012;26:191-3.

6. Veyseller B, Aksoy F, Yildirim YS, Bayraktar FGI, Gurbuz D,
Savas D, et al. Reduced olfactory bulb volume in total laryngec-

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

612

tomy patients: a magnetic resonance imaging study. Rhinology.
2011;49:112-6.

. Yousem DM, Geckle RJ, Doty RL. Evaluation of olfactory defi-

cits in neurodegenerative disorders. In: The Radiological Society
of North America Scientific Program. Chicago, Illionis; 1995p.
Abstract 271.

. Yousem DM, Geckle RJ, Bilker WB, Doty RL. Olfactory bulb

and tract and temporal lobe volumes: normative data across
decades. Ann N'Y Acad Sci. 1998;855:546-55.

. Mueller A, Rodewald A, Reden J, Gerber J, von Kummer

R, Hummel T. Reduced olfactory bulb volume in posttrau-
matic and postinfectious olfactory dysfunction. Neuroreport.
2005;16:475-8.

Hummel T, Rissom K, Reden J, Hahner A, Weidenbecher M,
Huttenbrink KB. Effects of olfactory training in patients with
olfactory loss. Laryngoscope. 2009;119:496-9.

Konstantinidis |, Tsakiropoulou E, Bekiaridou P, Kazant-
zidou C, Constantinidis J. Use of olfactory training in
post-traumatic and postinfectious olfactory dysfunction. Laryn-
goscope. 2013;123:E85-90.

Konstantinidis I, Tsakiropoulou E, Constantinidis J. Long term
effects of olfactory training in patients with post-infectious
olfactory loss. Rhinology. 2016;54:170-5.

Pellegrino R, Han P, Reither N, Hummel T. Effectiveness of olfac-
tory training on different severities of posttraumatic loss of
smell. Laryngoscope. 2019;129:1737-43.

Goktas O, Fleiner F, Paschen C, Lammert I, Schrom T. Rehabili-
tation of the olfactory sense after laryngectomy: long-term use
of the larynx bypass. Ear Nose Throat J. 2008;87:528-30.

Moor JW, Rafferty A, Sood S. Can laryngectomees smell? Consi-
derations regarding olfactory rehabilitation following total
laryngectomy. J Laryngol Otol. 2010;124:361-5.

Cain WS, Gent JF, Goodspeed RB, Leonard G. Evaluation of
olfactory dysfunction in the Connecticut Chemosensory Clinical
Research Center. Laryngoscope. 1988;98:83-8.

Leon EA, Catalanotto FA, Werning JW. Retronasal and orthona-
sal olfactory ability after laryngectomy. Arch Otolaryngol Head
Neck Surg. 2007;133:32-6.

Curtis MA, Kam M, Nannmark U, Anderson MF, Axell MZ, Wikkelso
C, et al. Human neuroblasts migrate to the olfactory bulb via a
lateral ventricular extension. Science. 2007;315:1243-9.

Lledo PM, Gheusi G. Olfactory processing in a changing brain.
Neuroreport. 2003;14:1655-63.

Shehata EM, Tomoum MO, Amer MA, Alarabawy RA, Eltomey
MA. Olfactory bulb neuroplasticity: a prospective cohort study
in patients with chronic rhinosinusitis with nasal polyps. Clin
Otolaryngol. 2018;43:1528-34.

Maruniak JA. Deprivation and olfactory system. In: Doty RL, edi-
tor. Hand book of olfaction and gustation. New York, NY: Marcel
Dekker Inc.; 1995. p. 455-69.

Miani C, Ortolani F, Bracale AM, Petrelli L, Staffieri A, Marchini
M. Olfactory mucosa histological findings in laryngectomees. Eur
Arch Otorhinolaryngol. 2003;260:529-35.


http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00058-6/sbref0105

	Olfactory rehabilitation and olfactory bulb volume changes in patients after total laryngectomy: a prospective randomized ...
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgments
	References


