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PURPOSE: To estimate the value of noncontrast and contrast-enhanced T1-weighted MR imaging
in detecting the underlying mechanisms of injury and regeneration in immediate- or delayed-onset
posttraumatic peripheral facial nerve palsy. METHODS: Twenty-four patients with posttraumatic
peripheral facial nerve palsy were examined on a 1.5-T MR imaging unit with precontrast and
postcontrast T1-weighted spin-echo and gradient-echo sequences. RESULTS: Abnormal en-
hancement of the distal intrameatal nerve segment was visible in 92% of the patients up to 2 years
after their initial trauma. A hematoma within the geniculate ganglion was seen in 33% of the
patients with a longitudinal fracture. The greater superficial petrosal nerve (in 32% of patients) and
the geniculate ganglion (in 48% of patients) were thick and intensely enhancing. Hematoma within
the cochlea/vestibule or enhancement of the cochlea/vestibule and the vestibulocochlear (eighth)
nerve was observed in transverse fractures. CONCLUSION: MR images can show long-lasting
abnormal nerve enhancement, especially in the distal intrameatal nerve segment, related to the
long-lasting breakdown of the blood/peripheral nerve barrier associated with nerve degeneration
and regeneration after traumatic stretching of the greater superficial petrosal nerve. Additionally,
intraoperatively observed perineural and intraneural scar formation leads to thickening and intense
enhancement of the affected nerve segments on MR images. A hematoma in the region of the
geniculate ganglion can be seen in some but not all patients. Associated damage of the inner ear
structures in patients with transverse fractures is also visible on MR images.
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A posttraumatic peripheral facial nerve palsy
can develop after either longitudinal or trans-
verse fracture of the temporal bone (1–5). Di-
agnosis of temporal bone fracture can be accu-
rately established with computed tomography
(CT) (6–10). Axial and coronal CT scans can
show the exact course of the fracture line in
relation to the bony facial nerve canal as well as
associated injuries (ie, disruption of the ossicu-
lar chain, hematotympanun, the site of leakage
of cerebrospinal fluid in patients with otorhino-
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liquorrhea, and injury of the temporomandibu-
lar joint) (6–10).

In patients with posttraumatic peripheral fa-
cial nerve palsy, CT may correctly show the
course of the fracture line through the bony
facial nerve canal. It occasionally depicts hema-
toma in the region of the geniculate ganglion
and compression of the facial nerve by an ad-
jacent bony fragment (7), but the facial nerve
itself is not visible, and therefore CT only indi-
rectly delineates the nerve lesion. Magnetic res-
onance (MR) imaging, however, allows direct
visibility of the injured peripheral facial nerve in
patients with posttraumatic facial nerve palsy.

Several intraoperative investigations have es-
tablished different mechanisms for posttrau-
matic facial nerve damage (2, 3, 11). First, the
nerve can be transected. Second, adjacent bony
fragments and/or hematoma can compress the
nerve. Third, an intraneural hematoma can de-
velop as a result of traction of the greater su-
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perficial petrosal nerve (GSPN) associated with
formation of intraneural edema that extends in a
retrograde direction. This leads to compression
of the facial nerve at the meatal foramen with
secondary ischemia, nerve degeneration, and,
occasionally, regeneration via a pathogenic
mechanism similar to that described in inflam-
matory palsy (2, 3, 12–16).

Histologic examination of facial nerve biopsy
specimens in patients who have had surgery for
posttraumatic peripheral facial nerve palsy re-
veals simultaneous degeneration and regenera-
tion processes with intraneural scar formation
within the facial nerve (17).

In our retrospective study, we tried to esti-
mate the value of noncontrast and contrast-
enhanced MR imaging in patients with posttrau-
matic peripheral facial nerve palsy in terms of
its ability to identify the location of the nerve
injury, the underlying mechanism of injury (ie,
intraneural hematoma/edema, nerve compres-
sion by bony fragment, or hematoma and nerve
transection) (2, 3, 17), and the regeneration
processes as known from histologic examina-
tions.

The intraoperative findings in eight patients
who had surgery were correlated with the pre-
operative MR abnormalities to identify the frac-
ture line and its course as well as to determine
associated injuries of the inner ear structures in
patients with transverse fractures.

Materials and Methods
We retrospectively evaluated the pathologic and radio-

logic findings in 24 patients (16 male, eight female; mean
age, 38 years; range, 13 to 79 years) with posttraumatic
peripheral facial nerve palsy.

All patients were examined on a 1.5-T MR unit using a
5-inch surface coil centered over the external ear. Non-
contrast and contrast-enhanced T1-weighted spin-echo
sequences were performed in all patients, and fast T2-
weighted spin-echo images were obtained in 12 patients.
A standard MR protocol with T1-weighted spin-echo se-
quences (500–640/15–21/2–3 [precontrast] or 4 [post-
contrast], [repetition time/echo time/excitations]), over-
lapped 2- to 3-mm-thick sections, and a 160- to 170-mm
field of view (FOV) was used in all patients. In two patients,
a gradient-echo three-dimensional T1-weighted (fast field-
echo) sequence (19/8.4/4) with a flip angle of 35°, section
thickness of 0.9 mm, 30 sections, and FOV of 160 mm
was added. T2-weighted images were acquired with pa-
rameters of 2500–4000/80–120/4 and a section thick-
ness of 2 to 3 mm.

Sections were obtained in the axial (precontrast and
postcontrast T1- and T2-weighted) and coronal (postcon-
trast T1-weighted) planes as well as occasionally in an
oblique sagittal plane (postcontrast T1-weighted) along
the axis of the tympanic segment (in four patients). Con-
trast material was injected intravenously using a bolus of
0.5 mmol/kg body weight (a high-dose protocol, used
routinely in our department). MR imaging was performed
immediately after injection of the contrast agent.

Axial and coronal CT studies of the affected ear were
obtained with a section thickness/table feed of 1 mm/460
mA in all patients to ascertain the presence or absence of
an associated transverse or longitudinal fracture of the
temporal bone.

On CT scans, a longitudinal fracture of the temporal
bone was diagnosed in 17 patients, a unilateral fracture
was present in 14 patients, and a bilateral fracture in three
patients. Only in one patient with bilateral longitudinal
fracture was a bilateral MR examination done. In the other
two patients with bilateral longitudinal fractures and bilat-
eral facial nerve palsy, only the more severely affected side
was examined with MR imaging. Therefore, 18 MR studies
of longitudinal fractures and associated peripheral facial
nerve palsies were evaluated. A transverse fracture of the
temporal bone was visible on CT scans in three patients. In
four patients, no fracture was identified at CT.

A total of 25 posttraumatically paretic peripheral facial
nerves were examined on MR images. The peripheral fa-
cial nerve palsy was of immediate onset (occurring within
24 hours after the trauma) in 16 facial nerves; these were
associated with a transverse fracture in three patients, a
longitudinal fracture in 12 patients, and with no fracture (at
CT) in one patient. A palsy of delayed onset (occurring
more than 24 hours after the trauma) was diagnosed in
nine facial nerves; these were associated with a longitudi-
nal fracture in six patients and with no visible fracture (at
CT) in three patients.

In three patients with transverse fractures, an additional
loss of inner ear function was demonstrated by auditory
and vestibular function tests. In 23 patients, single MR
examinations were performed. In another patient, the first
examination was on the 38th day after trauma and the
second was on the 65th day after trauma. The earliest MR
examination was obtained 7 days after trauma; the latest,
2 years after trauma. The mean interval between trauma
and MR examination was 75.5 days. Table 1 shows the
delay in days between the MR examination and the trauma
itself and correlates the maximal percentage of nerve fiber
degeneration on electroneurography with day of MR ex-
amination.

The intensity of the contrast enhancement within the
distal intrameatal, labyrinthine, geniculate ganglion, prox-
imal tympanic, distal tympanic, and mastoid segments
was evaluated. Evaluation consisted of visual inspection
and classification of the degree of contrast enhancement
into one of three grades: intense, moderate, or minimal.
The region-of-interest method for objectively measuring
the signal intensity of the facial nerve could not be applied
owing to the small dimensions of the bony facial nerve
canal (1.02 mm in the labyrinthine segment, 1.53 mm in
the proximal tympanic/distal tympanic segments, and



TABLE 1: Delay between MR examination and trauma and correlation with maximal percentage of nerve fiber degeneration at
electroneurography

Days between MR and trauma 7 8 13 16 30 36 38 44 45 56 71 83 142 195 457 730
No. of patients 1 3 2 2 1 1 2 1 3 1 2 1 1 1 1 1
Percentage of nerve degeneration 40 35 87 8 68 100 75 100 100 100 84 100 100 45 100 100

at electroneurography 100 97 79 100 100 100
100

TABLE 2: Intensity of contrast enhancement of the various facial nerve segments in patients with posttraumatic peripheral
facial nerve palsy

Degree of Enhancement
Facial Nerve Segment (25 Nerves)

DIS LS GG PTS DTS MS

Intense 2 18 10 1 1
Moderate 12 5 7 14 7 6
Minimal 9 19 1 16 14
Not visible 2 1 1 4

Note.—Bold numbers indicate abnormally intense enhancement not observed in normal facial nerves. According to our previous study (13),
in normal facial nerves a normal enhancement pattern can be seen in different nerve segments. Usually, the geniculate ganglion shows a moderate
enhancement and the PTS, DTS, and MS a moderate or minimal enhancement. Therefore, the numbers in italics remind the reader that these
enhancement intensities are also normally seen in healthy nerves and do not indicate an abnormal enhancement pattern. DIS indicates distal
intrameatal segment; LS, labyrinthine segment; GG, geniculate ganglion; PTS, proximal tympanic segment; DTS, distal tympanic segment; and
MS, mastoid segment.
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1.48 mm in the mastoid segment) and of the smallness of
the facial nerve itself (0.85 mm in the labyrinthine seg-
ment, 1.12 mm in the proximal tympanic/distal tympanic
segments, and 0.94 mm in the mastoid segment) as com-
pared with the smallest region of interest available (16,
18). Other possible abnormalities of the temporal bone
evaluated on MR images were as follows: 1) visibility of the
fracture line itself and the course of the fracture line in
relation to the different facial nerve segments; 2) presence
of an associated hematoma within the bony facial nerve
canal or within the facial nerve itself, especially in or ad-
jacent to the geniculate ganglion; 3) presence of a transec-
tion or compression of the facial nerve by an adjacent bony
fragment; 4) presence of dural enhancement along the
anterior border of the petrous bone or within the internal
auditory canal as a possible indirect sign of an osseous
microfracture or macrofracture, even if the fracture line
could not be identified radiologically; 5) presence on late
posttraumatic MR images of a thick and intensely enhanc-
ing GSPN and of a thick and intensely enhancing genicu-
late ganglion (both over 1 mm in diameter) (18, 19),
related to scar formation as proved by facial nerve biopsy
samples (17); and 6) presence of a hematoma within the
inner ear spaces (cochlea and vestibule) or of abnormal
contrast enhancement of the inner ear spaces or of the
vestibulocochlear (eighth) nerve in patients with trans-
verse fractures.

Eight patients had surgery for immediate-onset post-
traumatic facial nerve palsy. Two patients had a transverse
fracture (operated on 49 and 1095 days, respectively,
after the trauma); five patients had a longitudinal fracture
(operated on 53, 62, 72, 85, and 480 days, respectively,
after the trauma); and one patient had no radiologically
visible fracture (operated on 9 days after the trauma). The
intraoperative findings were compared with the preopera-
tive abnormal findings on MR images.

Results

Tables 2 through 5 present the pathologic
findings in our 24 patients with posttraumatic
peripheral facial nerve palsy.

In 23 paretic nerves (92% of patients) with a
mean interval between trauma and MR exami-
nation of 88 days, abnormal contrast enhance-

TABLE 3: Visibility and course of fracture line on MR images in
longitudinal and transverse fractures of the temporal bone

Longitudinal
Fracture
(n 5 18)

Transverse
Fracture
(n 5 3)

Fracture line visible on MR 12 3
Course of the fracture line through:

Internal auditory canal . . . 2
Vestibule . . . 1
GG 5 . . .
Slightly lateral to GG with

extension to GSPN 5 . . .
PTS/DTS 2 1

Note.—GG indicates geniculate ganglion; GSPN, greater superfi-
cial petrosal nerve; PTS, proximal tympanic segment; and DTS, distal
tympanic segment.



TABLE 4: Abnormal MR findings in patients with posttraumatic peripheral facial nerve palsy with or without temporal bone fracture

Longitudinal Fracture
(n 5 18)

Transverse Fracture
(n 5 3)

No Fracture
(n 5 4)

Hematoma within GG (hyperintense on T1-weighted images;
subacute stage) 6 . . . . . .

Hematoma lateral to GG 3 . . . 2
Transection of seventh cranial nerve 1 . . . . . .
Compression of seventh cranial nerve by adjacent bony fragment . . . . . . . . .
Enhanced and thickened GSPN 6 . . . 2
Enhanced and thickened GG 7 3 2
Thickened PTS 1 2
Enhancing scar in IAC 2 . . . . . .
Dural enhancement along anterior border of temporal bone 14 . . . 3

* Questionable.
Note.—GG indicates geniculate ganglion; GSPN, greater superficial petrosal nerve; PTS, proximal tympanic segment; and IAC, internal

auditory canal.
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ment with variable intensity was seen in the
distal intrameatal segment (Figs 1–8). This en-
hancement was visible even up to 2 years after
the trauma. In two patients with longitudinal
fractures, with an interval between trauma and
MR examination of 36 and 457 days, respec-
tively, no pathologic enhancement of the distal
intrameatal segment could be identified, despite
complete peripheral facial nerve palsy (Fig 9).
In the other nerve segments, abnormally intense
contrast enhancement was observed in the lab-
yrinthine segment in 96% of affected nerves
(Figs 1, 3, and 4), in the geniculate ganglion in
72% (Figs 1, 2, 4, and 9), in the proximal tym-
panic segment in 40% (Figs 1, 2, 4, 8, and 9), in
the distal tympanic segment in 32% (Fig 4), and
in the mastoid segment in 28%, as compared
with normal facial nerves (13). No correlation
could be established between the degree of en-
hancement of the nerve segment and the max-
imal percentage of nerve degeneration at elec-
troneurography (Table 1).

TABLE 5: No. of associated abnormalities of the inner ear
spaces/eighth cranial nerve after transverse fracture of the
temporal bone

Hematoma
Abnormal
Contrast

Enhancement

Fracture Line through the Inner Ear

Yes No Yes No

Cochlea 1 3
Vestibule/semicircular

canals 1 1 2
Eighth cranial nerve 2
The fracture line itself was visible in 100% of
the patients with transverse fractures (Figs 7
and 8) and in 66% of the patients with longitu-
dinal fractures (Figs 2, 5, 6, and 9). Usually, the
fracture line coursed either through the genicu-
late ganglion or slightly lateral to the geniculate
ganglion with extension through the GSPN (Figs
2, 5, and 6) or through the proximal tympanic
segment (Fig 9) in longitudinal fractures and
through the internal auditory canal (Fig 7) or
the inner ear (Fig 8) and possibly through the
proximal tympanic segment (Fig 8) in trans-
verse fractures.

A hematoma within the geniculate ganglion
was observed in 33% of the patients with longi-
tudinal fractures (Fig 6), but compression of the
nerve by an adjacent bony fragment was never
established (Table 4). Transection of the nerve
was suspected in one patient (case 7); nerve
enhancement stopped at the transition from the
proximal to the distal tympanic segments, and
no enhancement was visible in the distal tym-
panic and mastoid segments (Fig 9). In the
second patient with intraoperatively proved
nerve transection, the transection was not de-
monstrable on MR images (Tables 6 and 7).

The GSPN appeared as an intensely enhanc-
ing and thickened nerve in eight (32%) of the
patients (Fig 2). A thickened geniculate gan-
glion (Figs 1, 2, 4, and 9) was visible in 12
patients (48%). In patients with transverse frac-
tures of the temporal bone, an associated he-
matoma within the inner ear (Fig 7) and/or ab-
normal enhancement of the inner ear spaces
(Figs 7 and 8) and of the eighth cranial nerve
(as a result of nerve damage) (Fig 7) could be
seen.



Fig 1. Contrast-enhanced transverse
T1-weighted (560/16/4) MR image 142
days after delayed posttraumatic periph-
eral facial nerve palsy shows no visible
fracture line. Minimal enhancement of the
distal intrameatal segment (1), moderate
enhancement of the labyrinthine segment
(2), and intense enhancement and thick-
ening of the geniculate ganglion (3) and
proximal tympanic segment (4) are re-
lated to long-lasting damage of the blood/
peripheral nerve barrier and formation of
perineural fibrosis in the region of the
geniculate ganglion.

Fig 2. Case 3: Contrast-enhanced
transverse T1-weighted (600/20/4) MR
image 45 days after longitudinal fracture of

the petrous bone and immediate-onset peripheral facial nerve palsy shows intense enhancement and thickening of the geniculate
ganglion (3) and GSPN (5). The proximal tympanic segment is intensely enhanced (4). The longitudinal fracture line (6) courses
through the geniculate ganglion and GSPN. The distal intrameatal segment (1) is moderately enhanced. Minimal dural enhancement is
seen along the rostral border of the temporal bone (arrowheads).

Fig 3. Noncontrast (500/15/2) (A) and contrast-enhanced (600/20/4) (B) transverse and coronal (C) T1-weighted MR images in
a patient with delayed posttraumatic peripheral facial nerve palsy without associated fracture of the temporal bone, obtained 7 days after
trauma, show moderate enhancement of the distal intrameatal segment (1) and minimal enhancement of the labyrinthine segment (2).
The geniculate ganglion (3) and proximal tympanic segment (4) are normally enhanced. Intense dural enhancement is seen along the
rostral border of the temporal bone, indicating possible microtrauma of both the temporal bone and the adjacent dura (arrowheads).
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Dural enhancement along the rostral border
of the temporal bone was observed in 68% of
patients either with or without a visible fracture
line (Figs 2–4). Tables 6 through 8 compare
intraoperative and preoperative MR findings in
the eight patients who had surgery for posttrau-
matic peripheral facial nerve palsy. In patients
with intraoperatively proved scar formation, es-
pecially of the GSPN and geniculate ganglion,
the preoperative MR examination showed a cor-
respondingly thickened and intensely enhanc-
ing nerve segment.
Discussion

The facial nerve is the only cranial motor
nerve commonly affected by trauma to the
head. A fracture of the temporal bone must be
assumed in patients with posttraumatic facial
nerve palsy even when a fracture cannot be
identified radiologically (1).

The commonly observed dural enhancement
along the rostral border of the temporal bone on
MR images in patients with or without temporal
bone fracture may prove to be radiologically



Fig 4. Contrast-enhanced transverse
(A) and coronal (B) T1-weighted (640/
21/4) MR images, obtained 195 days after
longitudinal fracture of the temporal bone
and immediate-onset peripheral facial
nerve palsy, show intense enhancement of
the distal intrameatal (1), proximal tym-
panic (4), and distal tympanic (7) seg-
ments and of the thick geniculate ganglion
(3) and the thick GSPN (5). The labyrin-
thine segment (2) is moderately en-
hanced. Dural enhancement is seen within
the fundus of the internal auditory canal
(arrowheads) that blends with the en-
hancement of the distal intrameatal nerve
segment.

Fig 5. Case 5: Contrast-enhanced trans-
verse fast field-echo (gradient-echo) T1-
weighted (19/8.4/4, 35°) MR image, ob-
tained 71 days after longitudinal fracture
and immediate-onset facial nerve palsy,
shows the longitudinal fracture line (6)
coursing through the geniculate ganglion
(3). The distal intrameatal segment (1) and
the GSPN (5) are abnormally moderately
enhanced.

Fig 6. Noncontrast (500/15/2) (A) and contrast-enhanced (640/21/4) (B) trans-
verse T1-weighted images, obtained 44 days after longitudinal fracture and immediate-
onset palsy, show subacute hyperintense hematoma (8) within the geniculate ganglion,
an enhancing broad longitudinal fracture line (6), and abnormal enhancement of the
distal intrameatal (1) and labyrinthine (2) segments. Note associated subdural hema-
toma (arrowheads).
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invisible microfractures of the temporal bone
associated with microtears of the adjacent dura.
Fractures of the temporal bone are subdivided
into longitudinal (80% to 90%, with associated
peripheral facial nerve palsy in 10% to 20% of
the patients) and transverse (10% to 20%, with
secondary loss of inner ear function and asso-
ciated peripheral facial nerve palsy in 38% to
50%, depending on the course of the fracture
line through the temporal bone) fractures (1–5).

Posttraumatic partial or complete peripheral
facial nerve palsy can be classified as either
immediate onset (occurring within 24 hours af-
ter the trauma and often caused by nerve
transection) or delayed onset (occurring more
than 24 hours after the trauma, caused by in-
traneural hematoma/edema after stretching of
the GSPN, with or without associated fracture,
or by nerve compression) (1, 2, 20).

Surgically verified posttraumatic facial nerve
lesions associated with a longitudinal fracture
are located in the region of the geniculate gan-
glion in 64% of patients, in the GSPN in 25%, in
the distal tympanic/mastoid segment in 7%,
and in the labyrinthine segment in 4% (2). In
transverse fractures, the nerve lesion is located
within the internal auditory canal in 10% of pa-
tients, within the labyrinthine segment in 80%,



Fig 7. Noncontrast transverse (500/15/2) (A) and contrast-enhanced coronal (600/20/4) (B and C) T1-weighted images, obtained
38 (A) and 65 (B and C) days after transverse fracture, show a fracture line (6) coursing through the internal auditory canal and
associated palsy of immediate onset. A hyperintense hematoma within the cochlea (9) and vestibule (10) was seen 38 days after trauma
(A). Sixty-five days after trauma, the distal intrameatal segment (1) and superoinferior vestibulocochlear nerve (11) within the internal
auditory canal show intense enhancement. The cochlea (9) and vestibule/semicircular canals (10) are also intensely enhanced. (The
noncontrast images, not depicted, no longer showed the hyperintense hematoma within the cochlea/vestibule.) Note intense enhance-
ment of the labyrinthine (2) and proximal tympanic (4) segments.

Fig 8. Noncontrast transverse (500/15/2) (A) and contrast-enhanced transverse (B) and coronal (C) T1-weighted (640/21/4)
images, obtained 45 days after transverse fracture and immediate-onset palsy, show abnormal enhancement in the distal intrameatal
segment (1). The contrast-enhancing fracture line (6) crosses the vestibule and the thickened proximal tympanic segment (4) of the
facial nerve. The cochlea (9) and vestibule (10) show moderate enhancement. The geniculate ganglion (3) is thickened and enhanced.
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and in the region in or around the geniculate
ganglion in 10% (2), corresponding to the re-
sults obtained in our study (Table 3).

Different mechanisms of injury to the peri-
pheral facial nerve are possible and can be ob-
served intraoperatively. In longitudinal fractures,
most commonly an intraneural hematoma at the
level of the geniculate ganglion is present (in
about 50% of the patients) (3). A bony fragment
compressing the adjacent nerve is visible in 17%
to 20% of the patients, and a transection of the
nerve occurs in 26% to 30% of the patients (3). In
a few patients, no definite injury can be identified
intraoperatively (2, 3, 17). Severe traction and
stretching of the GSPN are present in all patients,
and lead to the formation of an intraneural hema-
toma and secondary edema that extends in a
retrograde direction along the proximal nerve (3,
14).

Facial nerve injury sustained after stretching
of the facial nerve during cerebellopontine angle
operations is said to result from movements of
the nerve within its immobile sheath in the
preganglionic segment, subsequent rupture of



Fig 9. Case 7: Transverse noncontrast
(500/15/2) (A) and contrast-enhanced
(600/20/4) (B) T1-weighted spin-echo
images, obtained 457 days after longitudi-
nal petrous bone fracture and immediate-
onset palsy, show nerve transection
(proved intraoperatively). The contrast-
enhancing fracture line (6) courses
through the tympanic segment (7). The
intensely enhanced and thickened genicu-
late ganglion (3) and proximal tympanic
segment (4) may be attributed to possible
scar formation. The distal tympanic and
mastoid segments are not depicted reli-
ably. The very proximal GSPN is minimally
thickened (5). The labyrinthine segment is
abnormally enhanced (2).

TABLE 6: Preoperative MR findings

Case
Delay between
Trauma and

MR, d

Abnormal Enhancement of
Seventh Cranial Nerve

Segments

Thickened
Seventh Nerve

Segment
Hematoma

in GG
Seventh Nerve

Transection

Abnormal
Enhancement

DIS LS GG PTS GSPN GG V/C Eighth Nerve

1 45 11 1 111 111 . . . 1 . . . . . . 1 . . .
2 730 111 11 111 111 . . . 1 . . . . . . 1 1

3 45 11 1 111 111 1 1 . . . . . . . . . . . .
4 45 1 1 11 11 . . . 1 1 . . . . . . . . .
5 71 11 1 111 111 1 1 . . . . . . . . . . . .
6 83 1 1 111 11 1 1 . . . . . . . . . . . .
7 457 . . . 1 111 111 1* 1 . . . 1* . . . . . .
8 8 11 1 111 111 . . . . . . . . . . . . . . . . . .

* Questionable enhancement in PTS.
Note.—Cases 1 and 2 had surgery for transverse fracture, cases 3 through 7 had surgery for longitudinal fracture, case 8 had no radiologically

visible fracture. 111 indicates intense enhancement; 11, moderate enhancement; 1, minimal enhancement; DIS, distal intrameatal segment;
LS, labyrinthine segment; GG, geniculate ganglion; PTS, proximal tympanic segment; GSPN, greater superficial petrosal nerve; and V/C, vestibule
and cochlea.
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the supplying blood vessels to the facial nerve,
and formation of intraneural hemorrhage and
edema (21). The swollen facial nerve is second-
arily compressed and damaged at the meatal
foramen (this is the canalicular entrance of the
facial nerve into the bony labyrinthine seg-
ment). An identical mechanism (namely, com-
pression of the edematous nerve) is also re-
sponsible for the development of facial nerve
palsy in inflammatory palsy (ie, Bell palsy or
herpetic palsy) (12, 13). Therefore, identical
enhancement patterns of the different facial
nerve segments can be assumed in patients
with inflammatory (13) and posttraumatic pe-
ripheral facial nerve palsy; and identical en-
hancement patterns are observed independent
of the exact site of the nerve injury along the
course of the facial nerve in posttraumatic
palsy. Abnormal nerve enhancement is always
or nearly always observed in the distal in-
trameatal segment and is commonly seen in the
labyrinthine segment and the proximal tym-
panic segment as well as in the geniculate gan-
glion. The distal tympanic and mastoid seg-
ments more rarely show abnormally intense
enhancement as compared with a normal facial
nerve (13). In our series, only two patients with
posttraumatic peripheral facial nerve palsy (im-
aged 36 and 457 days, respectively, after
trauma) did not have the commonly observed
abnormal enhancement of the distal intrameatal
segment, indicating damage to the nerve itself
(13, 32), on contrast-enhanced MR images, de-
spite clinical persistence of the palsy. In both
patients, however, abnormally intense en-
hancement of the geniculate ganglion and prox-
imal tympanic segment was observed. We have
no reasonable explanation for the absence of



TABLE 7: Intraoperative findings in eight patients

Case
Delay between
Trauma and
Surgery, d

Nerve
Transection

Fresh or Organized Hematoma/Scar in
Different Nerve Segments

Bone within
Fallopian

Canal
Other Findings

LS GG PTS GSPN V/C

1 49 1 1 1 . . . 1 . . .
2 1095 . . . . . . . . . . . . . . . . . . . . . Seventh nerve atrophy
3 53 . . . . . . 1 . . . 1 . . . . . .
4 62 . . . . . . 1 . . . 1 . . . GG
5 72 1 (PTS) 1 1 1* 1* . . . . . .
6 85 . . . 1 1 1 1 . . . GG
7 480 1 (PTS) 1 1 1 . . . . . . . . .
8 9 . . . . . . . . . . . . . . . . . . . . . Traction of GSPN, retrograde edema,

compression at meatal foramen

Note.—Cases 1 and 2 had transverse fracture, cases 3 through 7 had longitudinal fractures, and case 8 had no radiologically visible fracture.
See Table 6 for abbreviations.
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nerve enhancement in the distal intrameatal
segment in these two patients. Further exami-
nations are probably necessary to accumulate
more information on the pathophysiology of
posttraumatic nerve palsy.

Additionally, no correlation can be estab-
lished between nerve enhancement and maxi-
mal percentage of nerve fiber degeneration at
electroneurography (Table 1); a circumstance
that has already been described in connection
with inflammatory nerve palsy (32). In our ret-
rospective study, a hematoma in or around the
region of the geniculate ganglion was seen on
MR images in six (33%) of 18 patients with
longitudinal fractures of the temporal bone. In
the eight patients who had surgery, seven had
intraoperative findings of a hematoma in the
geniculate ganglion. However, only in one pa-
tient was this hematoma identified correctly on
the preoperative MR study. Therefore, it must be
assumed that MR imaging is not able to show
the hematoma in the geniculate ganglion in all
affected patients.

In two patients (cases 5 and 7), a transection
of the nerve was identified intraoperatively in
the proximal/middle tympanic segment. De-

TABLE 8: Comparison between preoperative MR findings and
intraoperative findings

Finding
Preoperative
MR Imaging

Surgery

Hematoma within GG 1 6
Bony fragment in GG . . . 2
Nerve transection 1* 2
Thickened GSPN (scar) 4 4
Thickened GG (scar) 7 6

* Questionable.
Note.—GG indicates geniculate ganglion; GSPN, greater superfi-

cial petrosal nerve.
spite the transection, continuous enhancement
of the facial nerve was seen on MR images in
case 5; in case 7, however, the discontinuity of
the nerve was only suspected on MR images,
since the very distal tympanic and mastoid seg-
ments of the nerve were not identified reliably.
All the same, it must be assumed that detection
of a nerve transection with the help of MR im-
aging is either impossible or very difficult, since
nerve transection was suspected in only one
(5%) of our patients with longitudinal fractures,
whereas from previous surgical studies (3) it is
known that intraoperatively proved nerve
transection occurs in up to 30% of patients with
such fractures (3).

The same difficulties were encountered in
cases of transverse fractures. Intraoperatively, a
transection of the nerve was seen within the
internal auditory canal or the labyrinthine seg-
ment in all patients (2, 17); however, it was not
seen on the MR images, because in all three
patients with transverse fractures, continuous
enhancement of the facial nerve was observed.
Similarly, a second, more distal, facial nerve
injury that is not visible on MR images often
may be proved intraoperatively in patients with
either longitudinal or transverse fractures (17).

Histologic examination of facial nerve biopsy
specimens, obtained intraoperatively in patients
who have surgery for posttraumatic peripheral
facial nerve palsy after longitudinal fracture
(17), reveal intense retrograde degeneration of
myelinated fibers in the facial nerve proximal to
the geniculate ganglion and proximal to the site
of the nerve injury related to stretching of the
nerve after traumatically induced deformation
of the bone. This nerve fiber degeneration is
accompanied by a simultaneous regeneration
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in the proximal nerve segments. The phase of
nerve fiber regeneration may persist up to 48
months after the trauma (17, 22). Additionally,
endoneural and perineural fibrosis of variable
extent, partly seen as thick scar surrounding the
regenerating axons, especially in the distal lab-
yrinthine segment or in the proximal tympanic
segment, is seen both early and late after injury,
but fibrosis formation starts as early as 5 weeks
after the trauma.

In accordance with these histologic findings,
the thickening (defined as a specific nerve seg-
ment with a diameter of more than 1 mm on
contrast-enhanced MR images compared with a
neuronal diameter of less than 1 mm seen in
healthy volunteers [13, 18, 19]) and intense
enhancement of the GSPN and/or the genicu-
late ganglion on contrast-enhanced T1-
weighted MR images result from this posttrau-
matic endoneural and perineural fibrosis (as
proved in several of the patients in our study
who had surgery [Tables 6–8]). The long-last-
ing abnormal contrast enhancement of various
facial nerve segments (especially the distal in-
trameatal segment, the labyrinthine segment,
the proximal tympanic segment, and the genic-
ulate ganglion) observed on MR images in sev-
eral patients up to 2 years after trauma can be
explained by long-lasting damage to the blood/
peripheral nerve barrier (23–31). According to
experimental studies in animals, the complex
process of degeneration and regeneration fol-
lowing nerve injury is accompanied by a vaso-
genic response associated with a two-phase
breakdown in the blood/peripheral nerve barrier
formed by endoneurium and perineurium (23–
26, 28, 29, 32). The first phase occurs during
wallerian degeneration. It is early, rapid, and
associated with a breakdown of the endoneural
barrier, leading secondarily to macrophage in-
filtration and removal of debris. The second
phase occurs during nerve regeneration. It is
late in onset but lasts for months. It is associated
with a breakdown of the perineural barrier and
provides for the increased transfer of metabolic
substrates to the regenerating nerves. These ex-
perimental observations can also be applied to
the facial nerve, since this nerve behaves histo-
logically and electrophysiologically as a periph-
eral nerve. Therefore, long-lasting damage to
the blood/peripheral nerve barrier related to de-
generation and regeneration of nerve fibers as
well as to formation of perineural fibrosis has to
be suspected as the underlying pathophysio-
logic mechanism that explains the long-lasting
contrast enhancement of the facial nerve ob-
served in our study (24–29, 32).

In summary, intraoperative findings show
that posttraumatic peripheral facial nerve palsy
results from nerve transection, from compres-
sion by a bony fragment/hematoma, or from
formation of an intraneural hematoma/edema
after stretching of the GSPN with secondary
compression of the swollen nerve within the
bony facial nerve canal. MR images show long-
lasting abnormal nerve enhancement, espe-
cially in the distal intrameatal segment but often
also in the labyrinthine and proximal tympanic
segments and in the geniculate ganglion related
to the long-lasting breakdown of the blood/pe-
ripheral nerve barrier associated with nerve de-
generation and regeneration after injury. Intra-
operatively observed perineural and intraneural
scar formation leads to thickening and intense
enhancement of the affected nerve segments on
MR images. MR imaging is able to show the
hematoma in or around the region of the genic-
ulate ganglion in some but not all patients, but it
is not able to depict nerve compression reliably
by an adjacent bony fragment or the nerve
transection itself. Most associated injuries of the
inner ear and of the eighth cranial nerve as well
as the course of the fracture line are visible on
MR images.
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