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Abstract

Objectives: The primary objective was to determine whether the narrowest
dimensions of the labyrinthine facial nerve (LFN) canal on the symptomatic side in
patients with unilateral recurrent Bell's palsy (BP) differ from those on the contralat-
eral side or in asymptomatic, age- and gender-matched controls on computed tomog-
raphy (CT). The secondary objectives were to assess the extent of bony covering at
the geniculate ganglion and to record inter-observer reliability of the CT
measurements.

Methods: The dimensions of the LFN canal at its narrowest point perpendicular to
the long axis and the extent of bony covering at the geniculate ganglion were
assessed by two radiologists. Statistical analysis was performed using the Wilcoxon
signed-rank and Mann-Whitney U tests (LFN canal dimensions) and the Chi-squared
test (bony covering at the geniculate ganglion). Inter-observer reliability was evalu-
ated using Intra-Class Correlation (ICC) and Cohen's kappa.

Results: The study included 21 patients with unilateral recurrent BP and 21 asymp-
tomatic controls. There was no significant difference in the narrowest dimensions of
the ipsilateral LFN canal when compared to the contralateral side or controls
(P = .43-.94). Similarly, there was no significant difference in the extent of bony cov-
ering at the geniculate ganglion when compared to either group (P = .19-.8). Good
inter-observer reliability was observed for LFN measurements (ICC = 0.75-0.88) but
not for the bony covering at the geniculate ganglion (Cohen's kappa = 0.53).
Conclusion: The narrowest dimensions of the LFN canal and the extent of bony cov-
ering at the geniculate ganglion do not differ in unilateral recurrent BP, casting doubt
over their etiological significance.

Level of Evidence: Level IV.
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1 | INTRODUCTION

Bell's palsy (BP) is the commonest cause of facial paralysis. While it is
currently idiopathic by definition, virally mediated inflammation
is widely accepted as the foremost etiological factor.>? It has also
been suggested that the anatomy of the facial nerve canal might play
an important causative role. In particular, neural inflammation within
the narrow portions of the facial nerve canal is presumed to result in
neural impingement.1 This is most relevant at the labyrinthine por-
tion and its meatal foramen, where the facial nerve canal is at its
narrowest.2* This “compressive theory,” however, remains controver-
sial, with contradictory findings reported by a number of radiological
studies on labyrinthine facial nerve (LFN) canal dimensions and BP.>”
Potential reasons for the discrepancies include the lack of comparison
with healthy controls, use of single axial planes for measurement and
absence of inter-observer reliability statistics.

In addition to the LFN canal dimensions, other anatomical varia-
tions have been proposed as potential predisposing factors for BP, such
as shortening of the groove for the greater superficial petrosal nerve
(GSPN) and deficient bony covering at the geniculate ganglion. It has
been speculated that such anatomical variants may make the facial
nerve more vulnerable through closer proximity to the trigeminal nerve
and thus easier transmission of virally mediated neural inflammation.®

The treatment options for BP include oral corticosteroids, anti-
virals, combined steroid-anti-viral therapy and surgical decompression.
Whilst over 70% of patients spontaneously recover normal facial
expression without any specific treatment,” the efficacy of oral corti-
costeroids in improving the chance of complete recovery of facial
motor function is well established, especially when commenced within
72 hours of onset.'®!!* The Cochrane review from 2016 concluded
that the number needed to treat with corticosteroids to avoid one
incomplete recovery was 10.1* The benefit of antivirals is less certain;
there is now growing evidence that antiviral therapy alone does not
improve recovery,’>*® but combined anti-viral and corticosteroid
therapy may potentially confer additional benefit compared to corti-
costeroids alone, in terms of complete recovery and/or reduction in
other long-term sequelae such as motor synkinesis and gustatory
hyperlacrimation.?®14

Decompressive surgery may be considered in some patients with
poor prognostic features on electroneurographic and electromyographic
testing, or with recurrent BP and incomplete recovery between episodes.
Since the first description by Ballance and Dual in 1932,1% controversies
surrounding the role of surgery in BP have never ceased.”*%” Further-
more, the proposed site of decompression, surgical approach and the
rationale behind the recommendation have continued to evolve, going
from the distal or entire portion of the mastoid segment, the
stylomastoid foramen itself, the tympanic segment, then the geniculate
ganglion through to the labyrinthine segment.*®? Based on the current
theory of the LFN canal being the main etiological site, a middle cranial
fossa approach is usually advocated.?®?%24 In this context, it may be
hypothesized that patients with unilateral recurrent BP might be more
likely to demonstrate predisposing anatomical features, given their

greater susceptibility.

Our primary objective was to determine whether the narrowest
dimensions of the LFN canal in patients with recurrent unilateral BP
differed from those of the contralateral LFN canal or in unaffected
age-matched controls, when measured on computed tomography
(CT). The secondary objectives included assessment of the degree of
osseous covering of the geniculate ganglion and evaluation of inter-

observer reliability for the two radiological measurements.

2 | MATERIALS AND METHODS

2.1 | Ethical considerations

The study was reviewed by the local institutional board and approved.

2.2 | Participants

The institutional radiology information system (RIS) was interrogated
for temporal bone CT studies associated with digital request cards
containing relevant terms (“facial,” “palsy,” “bell's,” “bell,” “recurrent,”
“seventh”) between January 2008 and November 2018. Full clinical
information was then collected from the Electronic Patient Record
(EPR). Patients were included in the study if there were two or more
documented episodes of unilateral recurrent BP and if no alternative
etiology had been diagnosed on dedicated facial nerve protocol mag-
netic resonance imaging (MRI).

For the control group, age and gender matched subjects were
identified from RIS by obtaining a sample of consecutive temporal
bone CT studies carried out over an 18-month period between 2013
and 2015. Exclusion criteria included CT findings of cholesteatoma,
significant middle ear soft tissue, evidence of skull base dysplasia or

bone metabolic disorders, or a history of facial nerve palsy.

2.3 | CT technique

CT was performed on a variety of systems from Philips Medical Sys-
tems (Eindhoven, Netherlands) and Siemens Healthcare (Erlangen,
Germany) (Table 1). Single collimation width ranged 0.6-0.8 mm, with
an overlap of 0.3-1 mm; kVp ranged 120-140, mA ranged 90-244 and
field of view 180-200 mm. Bone convolution algorithm data was

available and analyzed in all cases.

24 | CT analysis

24.1 | LFN canal dimensions

Double oblique reformats of the LFN canal perpendicular to its long
axis (Figure 1A-C) were created. Two radiologists (2.5 and 7 years of
subspecialty head and neck radiology experience) carried out separate

measurements of the LFN canal dimensions and assessments of the
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TABLE 1

Manufacturer

Model

FIGURE 1

CT scanning systems

Philips

Philips Medical Systems,
Eindhoven, Netherlands

MX8000 (n = 6; 14%)

Brilliance 16P (n = 13;
31%)

Brilliance 40 (n = 11;
26%)

iCT 265 (n = 6; 14%)

Siemens

Siemens Healthcare
AG, Erlangen,
Germany

SOMATOM Definition
Edge (n = 2; 5%)

SOMATOM Force
(n = 4; 10%)

Otic capsule

Lumen of
fallopian canal

Measuring technique using double oblique technique

along the line of the facial nerve canal in the axial (A) and sagittal (B)
planes to produce a coronal section (C) perpendicular to the axis of the
nerve canal (long and short axial dimensions indicated by arrows)

(D) Measurements were performed by placing callipers within the
intermediate density penumbra, halfway between the low density of
the facial canal lumen and high density of the bone of the otic capsule.
Measurement was carried out using a set magnification factor

bony covering at the geniculate ganglion. Both radiologists were
blinded to the clinical details and analyzed the images independently.
Standard bone window settings and agreed magnification settings were
employed. The location of the narrowest portion of the LFN was defined
visually using all three planes (oblique sagittal, oblique coronal and
oblique axial) and its location was recorded. The detailed description of
the measurement technique is provided in Figure 1. The mean of the

two observers' LFN measurements was used for statistical analysis.

2.4.2 | Bony covering at the geniculate ganglion

In each case, the extent of bony covering was graded as “complete” (the
bony canal at the route of the GSPN is clearly seen), “partial” (the bony
deficiency at the geniculate ganglion is the same as, or smaller than, the
facial nerve canal) or “absent” (the bony deficiency at the geniculate gan-
glion is wider than the facial nerve canal) (Figure 2). Where there was dis-
agreement between the observers, consensus scores were used.

2.5 | Statistical analysis

Statistical analysis was performed using SPSS Statistics 25.0 (IBM).
The Shapiro-Wilkes test was used to assess the normality of data. The
measurements of LFN canal dimensions were compared using
the Wilcoxon signed-rank test (paired data) and Mann-Whitney U test
(unpaired data). For the degree of bony covering of the geniculate
ganglion, the Chi squared statistic was used. A P-value of <.05 was
deemed statistically significant. Inter-observer reliability was assessed
using the intraclass correlation coefficient (ICC)?° for continuous data
(LFN canal dimensions) and Cohen's kappa statistic?® for categorical

data (bony covering at the geniculate ganglion).

3 | RESULTS

3.1 | Participant demographics and characteristics

The initial database search identified 145 cases. Of these, 21 cases

subsequently met the inclusion criteria (Figure 3).

FIGURE 2 Double oblique axial
reconstructions through the geniculate ganglion
demonstrating examples of an absent, A, partial, B,
and complete, C, bony coverings. Of note, in the
setting of complete bony covering of the
geniculate ganglion, C, the canal for the GSPN is
clearly delineated
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145 cases
(Facial palsy identified in initial search)

120 cases
excluded (Not BP or single
episode of BP)
25 cases
3 cases excluded (bilateral)
1 case excluded (no available
MRI)
21 cases included
FIGURE 3 Flow diagram illustrating inclusion and exclusion
criteria
TABLE 2 Characteristics of recurrent BP episodes
Number of BP
Laterality episodes Recovery

Left: (n = 11), 52% 2(n=11),52%

3(n=23),14%

Complete:n=7

4(n=2),19% Incomplete: n = 11
Right: (n = 10), 48% 5(n=2),10%
6(n=1),5% Unknown: n = 3

Unknown but
documented 22
(n=2),10%

The study cohort included 12 females and 9 males, with a mean
age of 37.9 + 14.9 years (range 12.0-67.4 years). An equal number of
age- and gender-matched controls were identified, with a mean age
of 38.3 + 14.6 years (range 12.1-65.6 years). Laterality, number of BP
episodes and extent of recovery between episodes are summarized in
Table 2.

3.2 | LFN canal dimensions

In all cases, the narrowest segment of the LFN canal was at or imme-
diately lateral to the meatal foramen. On the symptomatic sides, long
axis measurements through the narrowest portions ranged from 0.75
to 2 mm (median 1.05 mm, interquartile range 0.3 mm) and short axis
dimensions ranged from 0.5 to 1.4 mm (median 0.75 mm, interquartile
range: 0.1 mm). There was no statistically significant difference in the
long and short axis dimensions of the LFN canal between the affected
ipsilateral side in patients with unilateral recurrent BP and the asymp-

tomatic contralateral side (P = .43-.67) or matched controls (P = .46-

.94). There was good inter-observer reliability for the LFN canal mea-
surements (ICC = 0.75-0.88) (Table 3).

3.3 | Bony covering at the geniculate ganglion

The bony covering at the geniculate ganglion was either absent or
partial in 38.0% of the symptomatic ipsilateral sides compared to
47.6% of asymptomatic contralateral sides and 57.1% of matched
control cases. The differences were not statistically significant
(P = .80 and P = .19, respectively). There was moderate inter-
observer reliability (Cohen's kappa = 0.53). The details are summa-
rized in Table 4.

4 | DISCUSSION

The current study showed no significant difference in the long and
short axis dimensions of the LFN canal on the ipsilateral (symptom-
atic) side in patients with recurrent BP when compared to the contra-
lateral (asymptomatic) side, or age-matched asymptomatic controls. In
addition, there was no significant difference in the rates of complete,
partial or absent bony covering at the geniculate ganglion.

Although considered idiopathic and a diagnosis of exclusion, a
number of factors have been proposed for the potential underlying
pathophysiology for BP, including anatomical variants, viral infection,
ischemia, inflammation, autoimmunity and environmental condi-
tions.?”?® These hypotheses can by broadly categorized into two
groups; either patients develop recurrent BP due to recurrent epi-
sodes of pathological inflammation within an anatomically normal
bony canal or they are susceptible to episodes of BP due to a narrow
LFN canal. Surgical reports have recorded neural edema and swelling
in cases of BP,>* which are supported by findings of increased
enhancement (particularly at the geniculate ganglion and along the
labyrinthine segment) on MRI.?? The second, “compressive theory,”
suggests that swelling of the nerve within the bony canal leads to
neural entrapment, increased endoneural pressure and vascular con-
gestion, ischemia, impairment of axoplasmic flow, axonal degeneration
and then necrosis.”27-3031

As for the neural entrapment theory, the most likely location is at
the labyrinthine segment of the facial nerve canal and its meatus. The
meatal foramen is the narrowest portion of the entire canal and
the findings in our study (range of 0.5 mm to 1.4 mm) is in keeping
with a mean diameter of 0.68 mm that has been reported in a previ-
ous study.? In addition, the proximal facial nerve is considered to be
proportionally thicker and a dense arachnoid band also encircles the
nerve here, which may further contribute to the constriction at this
site.2%2 Surgical decompression of this segment of the facial nerve
canal may therefore be considered as a potential treatment option for
BP in certain circumstances.”

A series of CT based studies, as summarized in Table 5, have argued
in favor of this “compressive theory” by demonstrating narrower meatal

or mid-labyrinthine segments of the facial nerve canal on the symptomatic
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TABLE 3 Statistical evaluation of LFN canal dimensions and inter-observer reliability
observer 1 Median (mm) IQR Minimum (mm) Maximum (mm) Wilcoxon-signed rank (W) P-value
Long axis Symptomatic side 1.05 0.3 0.75 2.0 434.50 .67
Asymptomatic side 1.05 0.35 0.8 1.1
Short axis Symptomatic side 0.75 0.15 0.5 14 420.50 43
Asymptomatic side 0.75 0.15 0.5 14
observer 2 Median (mm) IQR Minimum (mm) Maximum (mm) Mann-Whitney U P-value
Long axis Symptomatic side 1.05 0.3 0.75 2.0 435.50 94
Matched controls 0.95 0.35 0.9 1.8
Short axis Symptomatic side 0.75 0.15 0.5 1.4 391.00 46
Matched controls 0.7 0.15 0.5 12
Interrater reliability (ICC of the mean measurements)®
Long axis 0.88
Short axis 0.75
?For ICC, values between 0.75 and 0.88 indicate good inter-observer reliability.25
TABLE 4 Bony covering at the geniculate ganglion
Absent covering Partial covering Complete covering Chi square statistic P-value
Cases 2 (9.5%) 6 (28.6%) 13 (61.9%)
Controls (contralateral sides) 3 (14.3%) 7 (33.3%) 11 (52.4%) 0.45 .80
Controls (asymptomatic age-matched) 12 (28.6%) 12 (28.6%) 18 (42.9%) 3.32 .19
Interrater reliability
Cohen's Kappa 0.53

Note: For Cohen's Kappa, values between 0.41 and 0.60 indicate moderate inter-observer reliability.?®

side of patients with BP.2>3335 Furthermore, Hervechon et al suggested
an association between narrower labyrinthine facial nerve caliber and
poorer prognosis with respect to recovery.36

However, such findings have been disputed by other groups. For
example, a postmortem study by Vianna et al found no significant dif-
ference in the mean diameters of the LFN canal between the affected
side in BP and the controls.3! In addition, two CT based studies found
no significant difference in the size of the affected facial nerve canals
compared to the controls.?”-%8
Given the lack of consensus in the literature and advances in CT
the
intratemporal facial nerve canal,2?3033353%40 o study aimed to

technology that enable increasingly detailed study of
address the potential methodological limitations of previous CT based
studies. In particular, our study utilized multiplanar reconstruction
along the course of the LFN canal, which accounts for its obliquity rel-
ative to the scan plane. Such reformatting has been adopted by only
two groups previously.3*>3” Since the LFN canal is frequently ovoid in
cross-section, the area is not adequately described by the unidimen-
sional measures obtained in most studies.*¥*>7 Similar to Eski
et al,*? our study addressed this by acquiring bidimensional measure-
ments, both in the long and short axes.

An additional aspect of the CT analysis was the assessment of the

bony covering at the geniculate ganglion. Complete deficiency of

bony covering at this site is found in approximately 15% of the popu-
lation, which represents a developmental variant.** Kim et al used CT
to measure the length of the GSPN canal in 20 patients with unilateral
BP and found the GSPN canal length to be significantly shorter on the
affected side, most notably in patients with recurrent BP. The authors
postulated that deficient bony covering and a shorter GSPN canal
could lead to greater vulnerability of the geniculate ganglion to inflam-
mation owing to closer proximity to the sphenopalatine ganglion via
the GSPN.8 This finding, however, was not reproduced in our study.

A further area of methodological importance our study aimed to
address was inter-observer reliability. There is currently a paucity of
data on the agreement parameters of facial nerve canal dimensions,
with intra-observer and inter-observer agreement reported in only two
studies respectively.2%%” In the current study, whilst good levels of
agreement were demonstrated with respect to the LFN canal measure-
ment, only moderate inter-observer reliability was observed for bony
covering at the geniculate ganglion. This was predominantly due to the
challenge in differentiating complete from extensive partial dehiscence.

Of note, it should be appreciated that the intention of this study
was not to generalize the findings to all cases of BP. The recurrent
unilateral BP group was selected since these patients would seem the
most likely candidates to demonstrate relevant anatomical risk factors.

Since CT is only performed in BP patients who are potential



Laryngoscope

TOUSKA ET AL.
TABLE 5 CT based studies of intra-temporal facial nerve canal dimensions in patients with BP
Facial nerve
Comparison segments Slice thickness/matrix

Wadin et al?” n = 22 Meatal foramen
Mid-labyrinthine

GG

Contralateral
unaffected

Kefalidis et al*” n = 25 Meatal foramen

Mid-labyrinthine

Contralateral
unaffected

Murai et al*? n = 16 Contralateral

unaffected

Labyrinthine
Tympanic
Mastoid

Rai et al®*n = 30 Meatal foramen

Mid-labyrinthine

Contralateral
unaffected

Eksi et al?® n = 22 Contralateral

unaffected

Labyrinthine
Tympanic
Mastoid

Celik et al*® n = 34 Contralateral

unaffected

Mid-labyrinthine

GG

Mid-tympanic
Second genu
Mid-mastoid
Stylomastoid foramen

Meatal foramen
Mid-labyrinthine
Tympanic above oval
window
Mid-mastoid

Hervochon et al?® n = 51 Contralateral
unaffected +
asymptomatic
controls

821

Measurement technique

1 mm contiguous/NS
Single observer
On axial sections

1 mm

contiguous/512 x 512
Single observer
On axial sections

NS/512 x 512

Single observer

MPR oblique
perpendicular to canal

1 mm contiguous/NS
Single observer
On axial sections

1 mm
contiguous/512 x 512

Single observer

Axial, coronal and sagittal
planes

Largest, narrowest
diameters and segment
length

1 mm
contiguous/512 x 512

Single observer

On axial sections
(labyrinthine/tympanic)
or sagittal sections
(mastoid)

0.6 mm contiguous/NS

2 observers

Cross-sectional area and
angles using double-
oblique, 3D
reconstructions
perpendicular to the
axis of the facial canal

Abbreviations: BMI, body mass index; GG, geniculate ganglion; NS, not stated.

candidates for surgical decompression in our institution, deliberate
caution has been exercised in avoiding over-generalization of the
study findings.

The authors acknowledge that the study has a number of limita-
tions. Firstly, the small size of the samples limits the statistical power
and it is possible that the negative finding was due to a type Il error.
Secondly, due to the retrospective nature of the study, long-term

follow-up data was not available in all cases and the relationship

Other

Additional imaging of
temporal bone
specimens

Intra-observer
agreement

Correlation with
facial nerve
degeneration

Diameter at second
genu correlated
with House-
Brackmann grade

Cross-sectional shape
(round vs oval)

Inter-observer
agreement

Outcome

Image quality
considered
inadequate for
evaluation

Smaller meatal
foramen/mid-
labyrinthine diameter
on symptomatic side

Smaller labyrinthine/
tympanic smallest
cross section on
symptomatic side

Smaller meatal
foramen/mid-
labyrinthine diameter
on symptomatic side

No statistical
differences in the
diameters of
different segments
of facial canals
between
symptomatic and
contralateral sides

Smaller mid-
labyrinthine diameter
on symptomatic side

Smallest cross-
sectional area at
meatal foramen

No statistically
significant
differences in facial
canal cross-sectional
areas or angles for
the three groups

More oval-shaped
labyrinthine
segments on
symptomatic side

between the LFN dimensions and long-term prognosis could not be
established. Thirdly, soft tissue, such as the arachnoid band in the
region of the meatal foramen, may determine the space available
around the nerve and may play a significant role in the event of
edema, but it cannot be evaluated using currently available imaging
techniques. Finally, there was only moderate inter-observer reliability
for the assessment of the bony covering at the geniculate ganglion,

necessitating consensus agreement.
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5 | CONCLUSION

This study found no significant difference in the narrowest LFN canal
dimensions or the bony covering at the geniculate ganglion in patients
with recurrent unilateral BP, compared to the contralateral side and
matched control subjects, casting doubt upon their etiological influ-
ence in cases of recurrent BP.
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