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A B S T R A C T

The term Bell’s palsy is used for the peripheral paresis of the facial nerve and is of unknown origin. Many studies

have been performed to find the cause of the disease, but none has given certain evidence of the etiology. However, the ma-

jority of investigators agree that the pathophysiology of the palsy starts with the edema of the facial nerve and consequent

entrapment of the nerve in the narrow facial canal in the temporal bone. In this study the authors wanted to find why the

majority of the paresis are suprastapedial, i.e. why the entrapment of the nerve mainly occurs in the proximal part of the

canal. For this reason they carried out anatomical measurements of the facial canal diameter in 12 temporal bones. By

use of a computer program which measures the cross-sectional area from the diameter, they proved that the width of the

canal is smaller at its proximal part. Since the nerve is thicker at that point because it contains more nerve fibers, the au-

thors conclude that the discrepancy between the nerve diameter and the surrounding bony walls in the suprastapedial

part of the of the canal would, in cases of a swollen nerve after inflammation, cause the facial palsy.
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Introduction

Idiopathic peripheral paresis of the facial nerve, also
known as Bell’s palsy, is a disorder on which expert opin-
ions still differ. However, it does have certain characteris-
tics. It is usually acute in onset, unilateral, with a sense
of fullness or pain in the ear, face, neck or tongue in
about half of the patients. The minority of them has re-
current facial palsy, positive family history is present in
about 15% of the cases, and the stapedial reflex is de-
creased or absent in almost 90% of the patients. Usually,
the paresis will resolve spontaneously in several weeks.

The term Bell’s palsy has been used to describe a fa-
cial paresis of acute onset and limited duration, the etiol-
ogy of which was idiopathic. It was named after the Eng-
lish physician Sir Charles Bell, who in 1821 found that
the facial nerve was a motor nerve not connected with
the sensory innervation of the face. By that time, he
named this nerve »respiration nerve«, since patients
with the palsy had breathing difficulties resulting from

the collapse of the nostril on the affected side. 60 years
later, in 1885, also in England, Sir William Gowers found
that in the majority of the patients palsy did not improve
after elimination of possible causes such as ear inflam-
mation, fracture, tumor, herpes, or surgical damage of
the facial nerve. He established a new clinical identity,
the facial paresis of the unknown cause, and named it af-
ter his teacher, Sir Charles Bell1,2.

Today’s knowledge of etiopathogenesis of Bell’s palsy
is not superior compared to the late 19th century. In spite
of improved diagnostic methods, the percentage of facial
paresis of unknown origin remains almost the same. The
treatment is, however, enhanced, especially after the in-
troduction of steroid and antiviral drug therapy, as well
as advanced surgical and rehabilitation methods, which
have contributed to often complete recovery and short-
ened the duration of the disorder.
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Nevertheless, the etiology of Bell’s palsy remains un-
known even today, and diagnosis, which is still made by
exclusion, is accurate only if no other cause of the paresis
can be found. A large number of etiopathological and an-
atomical studies on Bell’s palsy was performed over the
period of the last 40 years, but none has given firm evi-
dence that would explain the etiopathogenesis. The re-
ported findings are not uniform, reflecting the different
periods from the onset of paralysis to the nerve examina-
tion, methods of preparation, portion of the nerve stud-
ied, and possibly etiology of the facial paralysis. Most re-
cent reports, however, demonstrate inflammatory infil-
trates throughout the course of the facial nerve. Vascular
thrombosis is generally not observed, although intrane-
ural hemorrhage is seen occasionally3–8. It has long been
assumed that the herpes simplex virus (HSV) is the in-
fecting agent in Bell’s palsy, and some recent investiga-
tions provide increasing evidence to support this hypoth-
esis. The development of polymerase chain reaction tech-
niques has allowed identification of HSV in the geni-
culate ganglion and facial nerve. Additional support is
given by replication of the clinical syndrome in an animal
model, where a histopathological study revealed signifi-
cant edema and inflammation around the facial ner-
ve9–11. A hypothesis that immunologic disorder can play
an important role in the etiopathogenesis of Bell’s palsy
is also present. Some of the authors found the correlation
between palsy and some HLA haplotypes as well as dys-
function in CD4 / CD8 ratio12–15.

Although those investigations did not strictly confirm
any theory regarding the etiology of Bell’s palsy, the
pathophysiologic mechanism is more certain and there
are no major discrepancies. The muscle paralysis is cau-
sed by (viral?) inflammation and (possible autoimmune)
demyelinization of the facial nerve, which leads to the
edema of the nerve in the narrow temporal bone canal.
Consequent entrapment of the nerve results in the pare-
sis of the facial muscles, although the precise site of the
disorder is still not clear. 50 years ago, some authors be-
lieved that strangulation occurred in the area of stylo-
mastoid foramen, while later papers suggested that this
happened in the tympanic or mastoid part of the facial
canal16–18, as well as in the area of the geniculate gan-
glion, at the meatal foramen where the facial nerve en-
ters the facial canal, and at the labyrinth portion where
the nerve enters the temporal bone19,20.

The facial nerve develops from two separate embryo-
logic structures, the primordial otic capsule and Rei-
chert’s cartilage from the second branchial arch. In the
10-week-old fetus, the facial canal is a deep sulcus, and
just about that time the ossification of the canal begins21.
A number of anatomical studies of the facial nerve dia-
meter22–26 have shown that thickness of the nerve in the
bony canal decreases as it approaches the stylomastoid
foramen. This happens because several branches leave
the nerve in the canal, and there are fewer nerve fibers at
the distal end. According to embryonic ossification21, the
diameter of the bony canal should also reduce. Unfortu-
nately, the aforementioned studies did not confirm that,

and their results suggested that the canal is more or less
equal in diameter. As mentioned earlier, the exact site of
nerve lesion in the canal is not clear. Facial paralysis (re-
garding the etiology) is characterized by the dysfunction
of the nerve fibers. If the lesion occurs proximally to the
branch that innervates the stapedial muscle (stapedial
nerve), stimulation of this nerve will not produce con-
traction of the stapedial muscle, and the stapedial reflex
will be »negative« (this reflex occurs when sensory cells
in the cochlea are stimulated with high intensity sound
and is easily measured during tympanometry). Just op-
posite, with »positive« stapedial reflex at facial palsy, we
conclude that lesion of the nerve takes place distally from
the detachment of the stapedius nerve from the main
stem of the facial nerve. Since the majority of facial pare-
sis are suprastapedial (almost 90%), the probable entrap-
ment is situated proximally in the facial canal, where the
diameter of the nerve is larger and in greater collision
with the surrounding bony walls.

In our study we decided to investigate the diameter of
the facial canal, with special interest in its entrance. We
expected that the canal would be more or less the same in
diameter, which would explain why lesion of the nerve
happens near the entrance, where the facial nerve is
thicker.

Materials and Methods

For the period of the last 20 years, 628 patients suffer-
ing from Bell’s palsy were treated in our department.
The stapedial reflex was measured in all of them, and in
533 cases (or 85%) it was found negative, suggesting the
suprastapedial lesion of the facial nerve.

At the pathology department, 12 adult temporal bo-
nes were explanted from 12 different donors. For the rea-
son of disinfection, bones were held in 30% formaldehyde
for the period of one month, and during the next 3 weeks
in 96% alcohol. After the complete removal of soft tissue,
the bones were demineralized in 7.5% trichloroacetic
acid for 40 days. After the bone tissue had become soft,
we removed unnecessary bone and shaped bone cubes
with the facial canal in the middle. These artifacts were
cut with the blade vertical to the facial canal route at two
sites. First, at the spot where the nerve leaves the inter-
nal meatus, just at the entrance of the facial canal, and
before the fibers for stapedius nerve leave the main
trunk of the nerve. Second, at the end of the canal, near
the stylomastoid foramen. At this point, we had two bone
cubes (each size about one ccm with the facial canal in
the middle) for each temporal bone. After the neutraliza-
tion with lithium carbonate, we washed the artifacts
with water, purificated the artifacts for five days with al-
cohol in ascending concentrations (50%, 70%, 80%, 96%,
and 100%), and then left them for a month in the con-
tainer with cedar oil. When artifacts became completely
translucent, they were put in the paraffin. With the
microtome blade, four vertical cuts (with 0.5 mm dis-
tance) were performed at the entrance and exit of each
facial canal. Finally, we got eight histological artifacts
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from each bone that were fixed on the glass and stained
with hemalaun eosin. All the procedures were performed
by consent and according to regulations of the ethical
committee of the School of Medicine of Zagreb.

Using the Leica microscope connected to the com-
puter, under the 20 x zoom, we measured two diameters –
vertical and horizontal, since the cross-section of the ca-
nal was not a perfect circle. Using the morphometric
software for analysis of the histopathologic images ISSA
3.1 (Vamstek), from the diameters we calculated the
cross – sectional areas of the canal in square millimeters.

We calculated the arithmetic mean between four cross-
-sectional areas of each entrance and exit of the canal
and determined the mean value of cross-sectional area in
square millimeters at the proximal and the distal end of
each facial canal. All together, we had 24 mean values, 12
from the entrance and 12 from the end, which we used
for statistical analysis.

Results

The mean values in square millimeters of the cross-
-sectional areas of the entrance and exit of the facial ca-
nal for all 12 bones are given in Table 1. At first sight, the
results suggested that the sectional areas of the facial ca-
nal were larger at their proximal ends. This was the case
in 10 bones, while two bones had larger exits (Figure 1).
The numeric values varied among the bones, which was
not surprising due to different age, sex and size of the ca-
davers whose temporal bones were explanted.

In order to compare the data statistically, we decided
to test the results for distribution. The mean value of the
cross-sectional area of the entrance was 3.05 mm2 with
standard deviation of 0.84, while mean value of the
cross-sectional area of the exit was 3.33 mm2 with stan-
dard deviation of 0.94. Using Kolmogorov-Smirnov test,
we tested our results and found that there was no statis-

tically significant difference in our distribution com-
pared to the normal distribution (p=0.712 for the
cross-sectional area of the entrance and p=0.875 for
the cross-sectional area of the exit from the facial ca-
nal) Table 2.

The results suggested a normal distribution. How-
ever, since the number of samples was relatively small,
we decided to use non-parametric methods for calcula-
tion in order to avoid mistakes in statistics. Our hypothe-
sis was that the width of the facial canal was alike on its
entrance and exit. This would have explained the reason
of high percentage of suprastapedial lesions in Bell’s
palsy, since entrapment of the nerve would have occurred
more often at the proximal end, where the disproportion
between the thickness of the nerve and the width of the
surrounding bony canal existed. We were, therefore, in-
terested whether there was a significant statistical dif-
ference between cross-sectional areas of the entrance
and the exit of the facial canal.

We used the Wilcoxon test of equivalent pairs to com-
pare the difference between the canal ends and ranged
the results. Two ranks were negative (entrance of the ca-
nal was wider in two bones) with mean of 1.50, while 10
ranks were positive with mean 7.50 table 3 and 4. None
of the bones had equal cross-sectional areas of the en-
trance and the exit. As seen from table 5, z value was –
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TABLE 1
MEAN VALUES IN SQUARE MILLIMETERS OF THE

CROSS-SECTIONAL AREAS OF THE ENTRANCE AND EXIT
OF THE FACIAL CANAL

Bone
Cross sectional area –

entrance
Cross sectional area –

exit

1 3.40 4.20

2 3.51 4.23

3 3.38 4.17

4 3.04 3.75

5 1.88 2.05

6 1.20 1.31

7 2.95 3.09

8 3.79 3.98

9 2.48 2.64

10 3.06 3.03

11 3.49 3.48

12 4.02 4.07
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Fig. 1. Relations between cross-sectional areas of the facial canal

(entrance and exit).

TABLE 2
COMPARISON TO NORMAL (NO STATISTICALLY SIGNIFICANT

DIFFERENCE COMPARED TO NORMAL DISTRIBUTION,
P=0.712/ENTRANCE AND P=0.875 EXIT), ONE-SAMPLE

KOLMOGOROV-SMIRNOV TEST

entrance exit

N 12 12

Normal parameters X 3.0508 3.3333

Standard deviation 0.8358 0.9431

Largest deviations Absolute 0.202 0.171

Positive 0.123 0.171

Negative –0.202 –0.171

Z 0.700 0.592

p 0.712 0.875

Test for distribution is normal



2.824 (based on negative ranks) with p=0.005. The re-
sults show a statistically significant difference between
the values of the cross-sectional areas of the entrance
and the exit of the facial canal.

Discussion and Conclusion

The facial nerve runs through the temporal bone in
the narrow bony canal, where three branches (greater
petrosal nerve, stapedius nerve and chorda tympani)
leave the main trunk. Consequently, the number of nerve
fibers reduces as the nerve approaches the canal exit,
and the width of the facial nerve on the distal end is sig-
nificantly smaller. When a lesion of the facial nerve (re-
gardless of the still unidentified etiology) occurs in the
canal, the following edema causes the entrapment of the
main trunk with clinical expression of Bell’s palsy. Since
almost 90% of the peripheral facial pareses are supra-
stapedial (i.e. the lesion happens before the stapedius
nerve leaves the main facial stem), it is presumed that
the breadth of the proximal part of the canal is in dis-
crepancy with the thickness of the facial nerve.

We assumed that the canal is of equal width during its
route in the temporal bone, and the edema which occurs
during the nerve inflammation causes the entrapment
proximally because of the thickness of the proximal por-
tion of the facial nerve. To confirm our hypothesis, we de-
cided to measure the cross-sections of both ends of the
canal and compare their areas. Through the aforemen-
tioned procedure we prepared 48 histological artifacts of
the facial canal from explanted temporal bones. Since
cross-sectional areas were not perfect in shape, we used
the morphometric computer software to calculate the nu-
meric values of the cross-sectional areas in square milli-

meters and determined the mean values for each en-
trance and exit of the canal. Although the distribution
was found normal, we decided to use non-parametric
Wilcoxon test for equivalent pairs regarding the small
number of samples. The test showed a statistically signif-
icant difference between cross-sectional areas of the en-
trance and exit of the canal. Furthermore, the area of the
exit was wider compared to the entrance, which meant
that the canal was narrower proximally, where the nerve
was thicker.

In conclusion, the results of the study suggested sev-
eral interesting facts. First, they were compatible with
some more recent studies of the facial canal concerning
the site of the nerve lesion. Second, they failed to fulfill
the expectations regarding the embryonic development
of the facial nerve and temporal bone (it was expected
that the diameter of the bony canal follows the diameter
of the nerve). Although we did not manage to confirm
our hypothesis that the canal was equal in diameter dur-
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Fig. 2. Entrance of the facial canal.

Fig. 3. Exit of the facial canal.

TABLE 3
RANKS

N Mean Rank
Sum of
Ranks

Exit Area Negative
ranks

2a 1.50 3.00

Entrance
Area

Positive
ranks

10b 7.50 75.00

Equal ranks 0c

Total 12

A Exit Area < Entrace Area
B Exit Area > Entrace Area
C Entrace Area = Exit Area

TABLE 4
WILCOXONOV TEST OF EQUIVALENT PAIRS

Exit Area — Entrance Area

Z –2.824a

Asymp. Sig. (2-Tailed) p=0.005

a based on negative ranks



ing its course, the study had certainly given the answer
to the question why the majority of the nerve lesions in
Bell’s palsy were suprastapedial. According to our re-
sults, the width of the facial canal was growing distally,
which gave even more reason for the entrapment to oc-
cur proximally in the canal. The discrepancy in size be-

tween the facial nerve and the surrounding bony canal
was in that case larger compared to the supposed situa-
tion where the canal would have been uniformly wide
throughout its route.
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ANATOMSKA STUDIJA KANALA FACIJALISA OBZIROM NA MJESTO O[TE]ENJA @IVCA U
BELLOVOJ PAREZI

S A @ E T A K

Periferna kljenut li~nog `ivca kojoj se ne mo`e prona}i neposredni uzrok naziva se Bellovom parezom. Klini~ka slika
naglo nastale pareze lica vrlo je stresna za bolesnike, a lije~enje je simptomatsko i sastoji se od davanja protuupalnih
lijekova koji smanjuju edem `ivca i pobolj{avaju oksigenaciju perifernog tkiva te na taj na~in dovode do br`eg oporavka.
Od prvog opisa bolesti pro{lo je 180 godina, postignut je napredak u dijagnostici i terapiji, ali do sada provedena istra-
`ivanja nisu uspjela objasniti etiologiju ove bolesti. Iako rezultati mnogobrojnih studija pokazuju da pareza nastaje zbog
edema facijalisa unutar ko{tanog kanala u temporalnoj kosti, mjesto samog uklje{tenja `ivca nije odre|eno. Retro-
gradnom studijom na uzorku od 628 bolesnika s Bellovom parezom koji su proteklih 20 godina lije~eni na Klinici za
Bolesti uha, nosa i grla Medicinskog fakulteta KBC Zagreb autori ~lanka su ustanovili suprastapedijsko o{te}enje fa-
cijalisa kod njih 533 (85%). Pretpostavili su da uklje{tenje nastaje u proksimalnom dijelu kanala li~nog `ivca, prije
odvajanja grane za inervaciju stapedijskog mi{i}a, upravo zbog nesrazmjera izme|u {irine kanala i debljine samog `iv-
ca. Da bi to dokazali, proveli su studiju na 12 temporalnih kostiju u kojoj su kompjutorski izmjerili i usporedili povr{ine
popre~nog presjeka ulaza i izlaza ko{tanog kanala facijalisa. Rezultati su pokazali da je {irina kanala zna~ajno manja na
ulazu nego na izlazu, dok je sam `ivac deblji na po~etku. Autori zaklju~uju da je razlog velike u~estalosti suprastape-
dijalnih o{te}enja facijalisa u bolesnika s Bellovom parezom upravo u nesrazmjeru izme|u debljine `ivca i povr{ine
popre~nog presjeka kanala u njegovom po~etnom dijelu.
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