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HIGHLIGHTS

¢ Surgical decompression of the labyrinthine segment of the facial nerve is important.

¢ The main approach is the middle fossa approach, which has serious morbidities.

¢ |t is also possible to reach the labyrinthine segment by transmastoid approach.

¢ Detailed anatomic knowledge about surgical area for the transmastoid approach is essential.

KEYWORDS Abstract

Ear surgery; Introduction: Compression of the labyrinthine segment of the facial nerve by edema has been
Anatomy; considered as an important pathology in the majority of the cases of idiopathic facial nerve
Facial nerve; paralysis. Hence, it is suggested that total decompression of the facial nerve should also
Labyrinthine segment include the labyrinthine segment by a middle fossa approach. However, the middle fossa

approach requires craniotomy and temporal lobe retraction, which increases the morbidity.
The labyrinthine segment of the facial nerve can also be reached through mastoidectomy. How-
ever, many ear surgeons are not familiar with this approach due to the lack of anatomical data
on this surgical area.

Objective: To study the anatomical limitations of decompression of the labyrinthine segment
via transmastoid approach.

Methods: Complete mastoidectomy was performed in six adult cadavers heads. Dissection was
extended in the zygomatic root and posterior bony wall of the external auditory canal to visu-
alize the incudomallear joint completely. The bone between tympanic segment, lateral and
superior semicircular canal’s ampullas and middle fossa dural plate was removed. Fine dis-
section was carried out over tympanic segment of the facial nerve in an anterosuperomedial
direction the labyrinthine segment was reached.
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Results: All the mastoids were well pneumatized. Distances between the labyrinthine segment
and middle fossa dura, and between the labyrinthine segment and superior semicircular canal,
were 2.5 and 4.5mm on average, respectively. In addition, distances between the middle
fossa dura and dome of the lateral semicircular canal, and between the middle fossa dura
and tympanic segment were 4.6 mm and 4.3 mm on average, respectively.

Conclusion: It is possible to expose the labyrinthine segment of the facial nerve through mas-
toidectomy by dissecting the bone in the area between the tympanic segment of the facial
nerve, middle fossa dural plate and ampullary ends of the lateral and superior semicircular
canals.

© 2021 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 labyrinthine segment (LS) of the facial nerve (FN) is
the shortest and narrowest part of the FN within the tem-
poral bone.'"* Also within the labyrinthine segment of the
facial canal, the ratio of spatial occupancy of the main ves-
sels to the canal and to the nerve was found to be smaller
comparing in the tympanic and mastoid segment.* All these
anatomical features make LS vulnerable to compression by
edema due to inflammation in idiopathic facial nerve paral-
ysis, i.e., Bell’s palsy.”" When medical treatment is not
successful or poor prognostic electrophysiological findings
exist, surgical decompression of the facial nerve including
the LS is suggested.® "% In this type of surgery, the mastoid
and tympanic segments of the FN are decompressed through
mastoidectomy while the LS is decompressed via a mid-
dle fossa approach.>”%1":12 However, this surgery requires
wide skin incision, craniotomy and temporal lobe retrac-
tion for surgical exposure, which may lead to complications
such as seizures, cerebrospinal fluid leak and sensorineu-
ral hearing loss.>7®'%13 If the LS of the FN can be reached
through mastoidectomy, surgical morbidities of the middle
fossa approach can be avoided.'#"? Available anatomic stud-
ies mainly concentrate on how much the LS can be exposed
after transmastoid dissection by measuring the length of the
LS.292" However, it is more important for inexperienced sur-
geons to know the dimensions of the surgical area between
anatomical structures around the LS.

This anatomical study was planned to demonstrate
anatomical limitations of transmastoid approach to reach
the LS of the FN.

Methods

The study was approved by the Biomedical Ethics Commit-
tee of Koc University (2018.202.IRB2.035). The study was
conducted on six adult cadavers’ heads, of which 4 were
women and 2 were men. The mean chronological age of the
specimens was 79 (65-92).

Dissection method

Following complete mastoidectomy, dissection was
extended in the zygomatic root, and posterior bony
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Figure 1
bone. Extended dissection in the zygomatic root (ZR) and pos-
terior bony wall of the external auditory canal (EAC). Middle
fossa dural plate (MFD) was exposed by drilling the bone over it
(I, Incus).

Complete mastoidectomy on the left temporal

wall of the external auditory canal (EAC) was thinned to
visualize the incudomallear joint (IMJ) completely (Fig. 1).
Pneumatization of the mastoid bone was judged as well
pneumatized if all air cells were filled with air, and as
poorly pneumatized if air cells contained soft tissue or if
no visible air cells existed, i.e., sclerotic. The middle fossa
dura (MFD) was exposed by drilling the bone over it. The
bone between TS, ampullary ends of lateral semicircular
canal (LSCC) and superior semicircular canal (SSCC), and
MFD were removed (Figs. 2 and 3). Fine dissection was
carried out over TS of the FN in an anterosuperior direction
towards the cohleariform process. Dissection was continued
in a medial direction to expose the LS.

Measurements

All measurements were done by millimetric scale paper
(Fig. 1). Following measurements were done (Figs. 1 and 4):
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Figure 2  Posterior bony wall of the external auditory canal
(EAC) was thinned. Body of the Incus () and head of the malleus
(M) are visualized. Bone between the tympanic segment of the
facial nerve (TS), ampullary ends of lateral semicircular canal
(LSCC) and superior semicircular canal (SSCC), and MFD were
removed (ZR, Zygomatic root).

Figure 3

Closer view of the labyrinthine segment (Ls) after
bone removal between tympanic segment (Ts), ampullary
ends of the lateral semicircular canal (arrow) and superior
semicircular canal (star), and MFD. For better demonstra-
tion membranous labyrinths of both semicircular canals were
removed. X, Vertical crest at the fundus of the internal acoustic
canal.

1) MFD to EAC (at the point of Henle’s Spine),
2) MFD to dome of the LSSC,

3) MFD to IMJ,

4) MFD to TS,

5) MFD to LS

6) LS to SSCC ampulla,

7) IMJ to TS.

Results

All the mastoids were well pneumatized. Measurements
related to dissection to expose the LS of the FN were demon-

Figure4 Drawing of the anatomic measurements. EAC, exter-
nal auditory canal; MFD, Middle fossa dural plate; I, Incus;
M, Malleus; TS, Tympanic segment of the facial nerve; LS,
Labyrinthine segment of the facial nerve; LSSC, Lateral semi-
circular canal; SSSC, Superior semicircular canal.

strated in Table 1. Distances between LS and MFD, and
between LS and SSC, were 2.5 and 4.5mm on average,
respectively. In addition, distances between MFD and dome
of LSCC, TS were 4.6 mm and 4.3 mm on average, respec-
tively.

Discussion

Surgical treatment in cases of FN paralysis caused by inflam-
mation, such as Bell’s palsy, herpes zoster oticus etc.,
is recommended either when the medical treatment fails
or poor prognostic factors exist.”~ The basic approach is
decompression of the mastoid and tympanic segments of
the FN within the temporal bone.?? However, electrophys-
iological and histologic findings and earlier surgical results
indicate that the main pathology in those cases present pri-
marily in the LS of the FN.>-'2 These data led to the idea
that decompression should also include the LS. Presently, the
most accepted popular approach to decompress the LS is via
a middle fossa approach.>%'"2 Nevertheless, this type of
surgery has potentially life-threatening morbidities, includ-
ing seizures, sensorineural hearing loss and cerebrospinal
fluid leak although the outcome for such cases i.e., Bell’s
palsy and herpes zoster oticus, are not life threatening.'>-"
From this point of view, it seems that such a radical approach
is not appropriate for non-critical disorders.

Decompression by transmastoid approach

In 1979, May noted that Salaverry had reported that the
LS of the FN could be approached through a trans mastoid
approach.' However, this approach was not popular, and
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Table 1 Measurements of the dissection.
Cad. 1 Cad. 2 Cad. 3 Cad. 4 Cad. 5 Cad. 6 Average
(mm)
R L R L R L R L R L R L
MFD - EAC 10 11 10 9 8 8 10 13 9 8 11 13 10
MFD - LSCC 5 4 5 7 4 5 5 6 3 3 6 3 4.67
MFD - IMJ 6 5 3 6 5 5 5 8 3 4 6 4 5.17
MFD - TS 5 4 4 4 5 3 4 5 3 4 5 4 4.33
MFD - LS 3 2 1 2 3 2 3 3 2 3 4 2 2.5
LS - SSCC 4 5 3 5 4 3 3 4 4 5 3 5 4.58
IMJ - TS 2 2 2 2 2 2 3 4 3 3 3 3 2.58
Female Male Female Female Female Male
Age of death 83 82 71 92 81 65 79

MFD, Middle Fossa Dura; EAC, External Auditory Canal; LSCC, Lateral Semicircular Canal; IMJ, Incudomallear Joint; TS, Tympanic Segment
of the facial nerve; LS, Labyrinthine Segment of the facial nerve; SSCC, Superior Semicircular Canal.

failed to attract the attention of surgeons.’>~'° This is mainly
due to the fact that anatomically it is difficult to reach the
area and inadequate anatomical data exists about surgical
exposure of the LS throu gh atrans- mastoid approach. Such
data facilitates learning this type of surgery, especially for
inexperienced surgeons.

Mastoid pneumatization

Since the LS is located deep to the epitympanum, and fine
surgical manipulation is required to expose the LS, obtaining
wider surgical exposure on the lateral mastoid surface is an
essential step for safe surgery. Temporal bone pneumatiza-
tion has a critical role in this respect. It has been reported
that the amount of exposure of the LS depends on the tem-
poral bone pneumatization extent.?® All specimens in our
study had good mastoid pneumatization. In all specimens,
the distance between the EAC and MFD was 10 mm, which is
quite enough to dissect the surgical area at the medial wall
of epitympanum. However, it should be kept in mind that
since the dimension of the surgical area is possibly smaller
in sclerotic or semi-sclerotic mastoids, the dissection around
the LS might be difficult. New studies are required to exam-
ine the anatomical dimensions of this type of surgery in
non-pneumatized mastoids.

Chronological age

It can be considered that transmastoid access to the LS of the
FN might be difficult, since the temporal bones have smaller
dimensions in children under 13-17 y.o than in adults. In
the present study, the average chronological age of the
specimens was 79 y.o, and the anatomical dimension of sur-
gical area was found sufficient for dissection. However, since
there were no specimens of childhood age group in our study,
we cannot comment on the dimensions of the surgical area
in this age group.

Surgical manipulation around ossicles

In addition, we observed that bone removal on the EAC until
adequate exposure of the IMJ, and on the zygomatic root

until exposing the Cogs area is quite useful and makes it eas-
ier to dissect the bony area between the TS and MFD. Such
surgical exposure leads to safer dissection to avoid tsurgical
trauma to the IMJ.

Previous reports suggest dislocation of the ossicles to
decompress the TS, which may lead to conductive hearing
loss postoperatively.’*'> We observed that decompression
of the TS could be managed without dislocating ossicles.
Decompression of the TS could be done by drilling on the
superior part of the tiny bone over the TS. Fine hooks can
be used for removal of the rest of the bone on this segment.
The distance between IMJ and TS is 2mm, which permits
safe surgical manipulation over that segment.

Finding the labyrinthine segment

After dissection over the TS is followed to reach the genic-
ulate ganglion, the drilling is made on the medial direction
to find LS. In order to increase the surgical exposure,
it is important to remove the bone superiorly to the TS
up to the MFD, and between LS and ampullary ends of
the SSCC and LSCC."” We found that this area was very
narrow and required very fine dissection (Figs. 2 and 3)
(Table 1). For safe dissection in this area, it is necessary to
know anatomical relationship of LS with ampullary ends of
both semicircular canals. The distance between the LS and
ampullary end of the SSCC was found to be 4.5 mm on aver-
age, which is consistent with findings of previous studies.
Changing the position of the head towards to the surgeon,
it is possible to dissect the total length of the LS in pneuma-
tized bones (Fig. 3). This is important because it is reported
that the narrowest part of the LS is at its meatal foramen
end,?? and it is claimed that the edema of that area is mainly
responsible from the nerve conduction block in cases of idio-
pathic FN paralysis.® ' Hence it is important to expose the
nerve in that area to manage decompression of the nerve.

Dura exposure

It was found that the distance between MFD and LS was
2.5mm on average. To expose the LS sufficiently, the bony
dural plate should be drilled, which means exposure of the
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middle fossa dura. In such situation dural exposure should
be minimized as much as possible because wider exposure
of dura runs the risk of dural laceration and complications,
as chronic otorrhea or meningocele in the long term. Hence
dissection on this area requires much attention and care.

Limitations of the study

It is well known that the temporal bone has many anatomi-
cal variations such as pneumatization, position of the MFD,
sigmoid sinus position etc., which may restrict the surgical
exposure on it.2*?° This is especially important for transmas-
toid exposure of the labyrinthine segment of the FN. Poor
pneumatization, lower located MFD and an anteriorly placed
sigmoid sinus might make it difficult or even sometimes
impossible to expose the LS via mastoidectomy. Because of
the small sample size (6 cadavers, 12 sides) in the present
study, the effect of such variations on the surgical exposure
could not be studied. Hence, the conclusions of the present
study should not be extended to all situations.

Conclusion

Decompression of the LS is possible through the transmas-
toid approach by dissecting the bone on the area between
tympanic segment of the FN, middle fossa dural plate and
ampullary ends of the lateral and superior semicircular
canals. However, it should be done by the experienced
surgeon who has good thorough knowledge about the
anatomical relationships in the surgical field.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Proctor B, Nager GT. The facial canal: normal anatomy,
variations, and anomalies. Ann Otol Rhinol Laryngol Suppl.
1982;97:33-61.

2. Fisch U, Esslen E. Total intratemporal exposure of the facial
nerve - pathologic findings in Bell’s palsy. Arch Otolaryngol.
1972;95:335-41.

3. Wadin K, Wilbrand H. The labyrinthine portion of the facial
canal. A comparative radioanatomic investigation. Acta Radiol.
1987;28:17-23.

4. Ogawa A, Sando |. Spatial occupancy of vessels and facial nerve
in the facial canal. Ann Otol Rhinol Laryngol. 1982;91:14-9.

5. Fisch U, Mattox D. Microsurgery of the skull base. Stuttgart-New
York: Georg Thieme Verlag; 1991.

6. Fisch U. Surgery for Bell’s
1981;107:1-11.

palsy. Arch Otolaryngol.

7. Marsh MA, Coker NJ. Surgical decompression of idiopathic facial
palsy. Otolaryngol Clin North Am. 1991;24:675-89.

8. Gantz BJ, Rubinstein JT, Gidley P, Woodworth GG. Surgical
management of Bell’s palsy. Laryngoscope. 1999;109:1177-88.

9. Saito H. Intratemporal facial paralysis: its bases and clinical
applications. Commemoration issue of the retirement of profes-
sor Haruo Saito from the department of otolaryngology, Kochi
Medical School. Acta Otolaryngol Suppl. 2000;541:6-71.

10. May M, Blumenthal F, Taylor FH. Bell’s palsy: surgery
based upon prognostic indicators and results. Laryngoscope.
1981;91:2092-105.

11. Pulec JL. Total facial nerve decompression: technique to avoid
complications. ENT J. 1996;75:410-5.

12. Casazza GF, Schwartz SR, Gurgel RK. Systematic review of facial
nerve outcomes after middle fossa decompression and trans-
mastoid decompression for Bell’s palsy with complete facial
paralysis. Otol Neurotol. 2018;39:1311-8.

13. Redleaf MI, Blough RR. Distance from the labyrinthine portion
of the facial nerve to the basal turn of the cochlea. Ann Otol
Rhinol Laryngol. 1996;105:323-6.

14. May M. Total facial nerve exploration: transmastoid, extral-
abyrinthine and subtemporal indications and results. Laryngo-
scope. 1979;89:906-17.

15. Wu S, Chen X, Wang J, Liu H, Qian X, Pan X. Subtotal facial nerve
decompression in preventing further recurrence and promoting
facial nerve recovery of severe idiopathic recurrent facial palsy.
Eur Arch Otorhinolaryngol. 2015;272:3295-8.

16. Ulug T. Zygomatic root approach. Acta Otolaryngol.
2009;129:793-800.

17. Takeda T, Takebayashi S, Kakigi A, Nakatani H, Hamada M. Total
decompression of the facial nerve- superior prelabyrinthine cell
tracts approach. ORL. 2009;71:112-5.

18. Yi H, Liu P, Yang S. Geniculate ganglion decompression of facial
nerve by transmastoid-epitympanum approach. Acta OtoLaryn-
gol. 2013;133:656-61.

19. Kim J, Kim J, Park S, Lee WS. Use of computed tomogra-
phy to predict the possibility of exposure of the first genu of
the facial nerve via the transmastoid approach. Otol Neurotol.
2011;32:1180-4.

20. Lee HK, Lee EH, Lee WS, Kim WS. Microsurgical anatomy of
the perigeniculate ganglion area seen from a translabyrinthine
approach. Ann Otol Rhinol Laryngol. 2000;109:255-7.

21. Jufas N, Bance M. Endoscopically assisted transmastoid
approach to the geniculate ganglion and labyrinthine facial
nerve. J Otolaryngol Head Neck Surg. 2017;46:53.

22. Pulec JL. The facial nerve: how to find it? ENT J.
1993;72:677-85.

23. Wetmore SJ. Surgical landmarks for the facial nerve. Otolaryn-
gol Clin North Am. 1991;24:505-30.

24. Aslan A, Kobayashi T, Diop D, Balyan FR, Russo A, Taibah A.
Anatomical relationship between position of the sigmoid sinus
and regional mastoid pneumatization. Eur Arch Otorhinolaryn-
gol. 1996;253:450-3.

25. Aslan A, Tekdemir |, Elhan A, Tuccar E. Surgical exposure in
translabyrinthine approaches - an anatomical study. Auris Nasus
Larynx. 1999;26:237-43.

34


http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0005
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0010
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0015
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0020
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0025
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0030
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0035
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0040
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0045
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0050
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0055
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0060
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0065
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0070
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0075
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0080
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0085
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0090
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0095
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0100
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0105
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0110
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0115
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0120
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125
http://refhub.elsevier.com/S1808-8694(21)00136-1/sbref0125

	Transmastoid exposure of the labyrinthine segment of the facial nerve: an anatomical study
	Introduction
	Methods
	Dissection method
	Measurements

	Results
	Discussion
	Decompression by transmastoid approach
	Mastoid pneumatization
	Chronological age
	Surgical manipulation around ossicles
	Finding the labyrinthine segment
	Dura exposure
	Limitations of the study

	Conclusion
	Conflicts of interest
	References


