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MR Imaging in Two Cases of Subacute Denervation
Change in the Muscles of Facial Expression

Nancy J. Fischbein, Michael J. Kaplan, Robert K. Jackler, and William P. Dillon

Summary: Denervation changes in muscle following dam-
age to cranial and peripheral nerves can be observed on
both CT and MR imaging studies. These findings are well
described for cranial nerves (CN) V, X, XI, and XII. The
CT findings of denervation atrophy due to CN VII dys-
function have been reported. We describe the MR imaging
findings in two patients with perineural spread of tumor
along CN VII. Both patients showed T2 prolongation and
postcontrast enhancement in muscles of facial expression,
suggestive of subacute denervation changes.

Damage to a lower motor nerve has profound
effects on the muscle(s) it innervates, typically
leading to flaccid paresis or paralysis and atrophy.
The effects of denervation on muscles can be as-
sessed directly with cross-sectional imaging. CT
demonstrates well the changes of motor atrophy,
including asymmetrical decrease in affected muscle
volume, fatty infiltration of the involved muscle
group, and involvement of multiple commonly in-
nervated muscles (1). CT is, however, only sensi-
tive to this end-stage appearance of denervation
change. MR imaging has the advantage of provid-
ing some earlier insight into the pathophysiological
changes that accompany muscle denervation, and
also sensitivity to the time course of the process.
Denervated muscles undergo a characteristic pat-
tern of changes on MR images as the denervation
evolves from an acute phase through a subacute
and then chronic phase (2–4). The MR appearance
of trigeminal, vagal, spinal accessory, and hypo-
glossal motor denervation has been well described
(2–6). We present two patients with neoplastic in-
vasion of the facial nerve who developed changes
on MR consistent with subacute denervation of the
muscles of facial expression.

Case Reports
Patient 1

A 67-year-old man was evaluated for neuropathy involving
the facial nerve (CN VII) and the third division of the trigem-

Received August 15, 2000; accepted October 6 2000.
From the Departments of Radiology (N.F., W.D.) and Oto-

laryngology-Head and Neck Surgery (M.K., R.J.) University
of California, San Francisco, San Francisco, CA.

Address reprint requests to Nancy J. Fischbein, MD, De-
partment of Radiology, Room L-358, Box 0628, University of
California, San Francisco, 505 Parnassus Avenue, San Fran-
cisco, CA 94143-0628.

q American Society of Neuroradiology

inal nerve (V3). His past history was significant for a renal
transplant at the age of 56 years and was he maintained on
chronic immunosuppression thereafter. He had a history of
multiple prior resections of squamous cell carcinomas of the
skin of the arms and legs. In July 1998, he developed a 2.5-
cm cystic mass in the right cheek for which he underwent
excisional biopsy at an outside facility. The lesion was diag-
nosed as squamous cell carcinoma, and surgical margins were
positive. Postoperatively, the superior branches of the facial
nerve were not functioning, affecting his forehead and eye. He
then underwent external beam radiation therapy with 6 MeV
electrons to a dose of 61.6 Gy from September to November
of 1998. Soon thereafter, he was noted to have a complete
facial palsy. An MR scan was reported as negative. In March
1999, he developed right facial dysesthesia and severe pain
over his lower lip. Repeat MR imaging findings in April were
also reported as negative. In May 1999, he developed drooling,
and dysfunction of motor V was noted on examination. He
was referred to our institution. Clinical examination confirmed
a complete right CN VII palsy, as well as dysfunction of V2
and V3. MR imaging demonstrated abnormal enhancement
consistent with perineural spread of tumor along right CNs V
and VII (Fig 1). In addition, T2 prolongation and postcontrast
enhancement were identified in the right-sided muscles of mas-
tication and muscles of facial expression, consistent with de-
nervation change. Retrospective review of prior MR images
showed progressive abnormal enhancement along CNs V and
VII. In June 1999, the patient underwent palliative gamma
knife radiosurgery to Meckel’s cave, the cisternal segment of
CN V, and the cisternal and intracanalicular segments of CN
VII, with considerable improvement in his pain.

Patient 2

An 86-year-old man presented in October 1997 with trigem-
inal neuralgia involving the third division of the trigeminal
nerve. His past medical history was notable only for a pros-
tatectomy in 1989 for prostate cancer. MR imaging was per-
formed and findings were reported to be negative. In February
1998, he underwent a right suboccipital craniectomy and mi-
crovascular decompression of the trigeminal root. Intraopera-
tively, a branch of the superior cerebellar artery was found to
be compressing the trigeminal nerve, and this was elevated
from the nerve with a Teflon pad. Postoperatively, the patient’s
symptoms persisted, and in June 1998, he underwent repeat
surgery with partial selective sensory trigeminal rhizotomy. He
obtained some relief of symptoms and was briefly lost to fol-
low-up. In March 1999, he noted drooling, and a Bell’s palsy
was diagnosed. Soon thereafter, he developed increasing facial
pain, as well as numbness in the distribution of V2 and V3 on
the right. He also began stumbling, and when he presented for
neurologic evaluation, he was found to be ataxic. A repeat MR
scan was obtained (Fig 2A–C), which demonstrated a large
right cerebellopontine angle mass, as well as abnormal enlarge-
ment and/or enhancement of V2, V3, the vidian nerve, the
greater superficial petrosal nerve, and the facial nerve. In ad-
dition, enhancement consistent with denervation changes in the
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FIG 1. Patient 1.
A, An axial T1-weighted postcontrast image with fat saturation (600/13/2 [TR/TE/excitations]) demonstrates asymmetrical enhancement

in the right orbicularis oculi muscle (O-R, arrowhead) as compared with the contralateral side (O-L). In addition, asymmetrical, abnormally
intense enhancement along the descending mastoid segment of the right facial nerve (white arrow) as compared with the left (white
arrowhead) is noted, consistent with perineural spread of neoplasm. Mildly asymmetrical enhancement of right-sided muscles of mas-
tication is related to perineural spread of tumor along V3 (not shown).

B, A more inferior motion-degraded axial T1-weighted postcontrast image with fat saturation demonstrates intense enhancement in
the right platysma (P, arrow) as compared with the left (arrowhead).

C, An axial fast spin-echo T2-weighted image with fat saturation (4000/102/1) slightly superior to the level shown in (B) demonstrates
markedly increased signal intensity in the right platysma (P, long stemmed arrow), orbicularis oris (O, short stemmed arrow), and
quadratus labii inferioris (Q, small black arrowheads). The contralateral muscles are poorly seen on this fat-saturated image, but clearly
are not bright.

D, A coronal T1-weighted postcontrast image with fat saturation (650/13/2) demonstrates abnormally intense, continuous enhancement
along the descending mastoid segment of the right facial nerve (arrowhead). The contralateral descending mastoid segment of the facial
nerve is slightly posterior to this imaging plane and is not seen here.

muscles of facial expression was present. T2 prolongation in
the muscles could not be assessed well owing to motion arti-
fact on the T2-weighted images. No history of head and neck
cancer or skin cancer could be obtained from the patient. On
retrospective review, the prior MR of October 1997 demon-
strated abnormal enlargement of V3 (Fig 2D). As there was
no history of any local primary tumor, a CT-guided biopsy of
foramen ovale was performed. This yielded a diagnosis of
poorly differentiated carcinoma, with metastatic prostatic can-
cer favored, and the patient was treated with palliative external
beam radiation therapy.

Discussion
The MR changes that accompany cranial and pe-

ripheral motor denervation are well described and
include asymmetrical decrease in affected muscle
volume, fatty infiltration of the involved muscle
group, and variable signal intensity changes, in-
cluding both T2 prolongation and postcontrast en-
hancement (2, 3, 5, 7–9). While CT is able to dem-
onstrate only the chronic changes of atrophy and
fatty replacement (1), the superior soft tissue con-
trast of MR facilitates the depiction of the progres-
sive evolution from an acute phase to a subacute
and then to a chronic phase that denervated muscle

may undergo. In some patients with peripheral neu-
ropathy and either spontaneous resolution of paral-
ysis or surgical nerve grafting, acute or subacute
changes have been shown to be reversible on MR
imaging, corroborating clinical evidence of rein-
nervation (7, 9). To our knowledge, this reversibil-
ity has not been demonstrated in the setting of cra-
nial neuropathy, presumably because the processes
that lead to MR evaluation of denervation changes
are generally not reversible, or because imaging is
not indicated for the patient’s condition. Patients
with reversible cranial nerve dysfunction in the set-
ting of Bell’s palsy, for example, would generally
not come to MR imaging. Even if these patients
are imaged, the examination is generally targeted
to the course of the facial nerve from the brain stem
to the parotid, and the muscles of facial expression
are not typically included in the imaging field of
view, particularly if surface coils are used. Fur-
thermore, the changes associated with denervation
may be difficult to detect if particular MR imaging
sequences are not acquired. Volume loss is best ap-
preciated on relatively thin (3–4 mm) precontrast
T1-weighted images, whereas signal change in the
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FIG 2. Patient 2.
A, An axial T1-weighted postcontrast image with fat saturation (600/13/2) demonstrates an irregular mass centered at the right

cerebellopontine angle (CPA). Enhancement extends into the right internal auditory canal (vertical white arrowhead) and along the
tympanic segment of the right facial nerve (oblique white arrowheads). Contralateral IAC and tympanic segment are shown for com-
parison (vertical and oblique left-sided white arrowheads). A mass is also seen in Meckel’s cave on the right (M), with abnormal
enhancement extending anteriorly along foramen rotundum (small white arrowheads) and posterolaterally along the greater superficial
petrosal nerve (small black arrowheads). The contralateral greater superficial petrosal nerve is demonstrated to show some mild normal
enhancement (small black arrowheads on patient’s left side).

B, A more inferior axial T1-weighted image postcontrast with fat saturation again demonstrates the right CPA mass. There is abnormal
enlargement and enhancement of right V3 (vertical white arrowhead) compared with the normal left side (oblique white arrowhead), as
well as abnormal asymmetrical enhancement along the descending mastoid segment of CN VII (F, horizontal arrowhead) compared
with the left side (horizontal arrowhead). There is also marked enhancement of the right vidian nerve (double small arrowheads, V). The
abnormal and asymmetrical enhancement and enlargement of V2 and V3, the facial nerve, the vidian nerve, and the greater superficial
petrosal nerve are due to perineural extension of neoplasm.

C, A coronal T1-weighted image postcontrast with fat saturation (650/13/2) demonstrates marked asymmetrical enhancement of the
right buccinator muscle (B) as compared with the left buccinator muscle (B).

D, An axial T1-weighted image (600/15/2) obtained 2 years earlier demonstrates marked enlargement of the third division of the
trigeminal nerve on the right (white arrow) as compared with the left (white arrowhead). In addition, there is already subtle volume loss
in the right muscles of mastication (M masseter, LP lateral pterygoid). The orbicularis oculi (small black arrowheads) and quadratus labii
superioris (black arrowhead) appear symmetrical at this time.

muscles is best appreciated on fast spin-echo T2-
weighted images with fat saturation and postcon-
trast T1-weighted images with fat saturation. Lack
of fat saturation can make these changes difficult
or even impossible to assess in small muscles such
as the muscles of facial expression.

The time course of denervation changes is some-
what arbitrarily defined. To most authors, acute
changes are those that occur within a month fol-
lowing denervation, subacute changes are those
that follow up to 12 to 20 months, and chronic
changes occur after 12 to 20 months (2, 9). On
clinical imaging studies of patients with V3 dener-
vation (2), MR images were categorized into four
patterns that correlated with the duration of neu-
ropathy. Acute denervation was characterized by
abnormal muscle enhancement, T2 prolongation,

an increase in muscle volume, and no fatty infiltra-
tion. Acute changes usually do not become visible
on MR images until after two weeks of symptoms
(2, 9, 10), though ex vivo MR spectroscopy has
demonstrated metabolic changes in denervated
muscles as early as 1 week after denervation (11).
Subacute denervation was characterized by contin-
ued abnormal enhancement and T2 prolongation,
and an increase in signal on T1-weighted images,
consistent with variable fatty replacement of the
denervated muscles without increase in muscle vol-
ume. Early or mild chronic denervation was char-
acterized by mild fatty change of the affected mus-
culature without evidence of appreciable volume
loss, T2 prolongation, or abnormal enhancement.
Long-standing chronic denervation was character-
ized by extensive fatty infiltration and volume loss
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of denervated musculature, without evidence of ab-
normal muscle enhancement or T2 prolongation.
Findings were similar in hypoglossal denervation,
though no distinct early/mild chronic hypoglossal
denervation pattern was identified, and acute and
subacute hypoglossal denervation exhibited the
same imaging pattern (2). Other changes that have
been observed in the context of denervation in-
clude paradoxical muscle enlargement due either to
pseudohypertrophy or true hypertrophy (12). Path-
ophysiological explanations of MR signal changes
following denervation have been discussed exten-
sively in the literature (2, 3, 9, 13). Biopsy of de-
nervated human facial muscles typically shows
atrophic myofibers with loss of fiber typability, no
correlation between the degree of muscle fiber at-
rophy and the duration of the paralysis, and vari-
able degrees of fibrosis corresponding to the length
of denervation (14).

The facial nerve carries both motor and sensory
functions (15). Depending at what level the nerve
is damaged, a characteristic pattern of end-organ
dysfunction will emerge. The facial nerve traverses
the temporal bone and enters the posteromedial sur-
face of the parotid gland within 1 to 2 cm of the
stylomastoid foramen. The nerve then divides into
temporofacial and cervicofacial divisions. The for-
mer subdivides into temporal and zygomatic
branches, and the latter into buccal, marginal man-
dibular, and cervical branches, but anatomy is var-
iable among patients and there are numerous inter-
connections between divisions and branches in the
periphery (15). These branches innervate the nu-
merous muscles of facial expression. A lower mo-
tor neuron facial palsy can result from a variety of
processes, most commonly Bell’s palsy, herpetic
neuritis, trauma (typically related to temporal bone
fracture or parotid surgery), parotid malignancy,
and perineural spread of tumor. Unless nerve in-
volvement is very peripheral (ie, very distal fasci-
cles affected without involvement of the more
proximal nerve), because of the multiply intercon-
necting anatomy, we would not expect to be able
to appreciate selective muscular denervation re-
sulting from selective branch involvement.

In the cases presented, the patients had been
symptomatic for approximately 6 to 8 months prior
to imaging at our institution. In addition to abnor-
mal enhancement along cranial nerves and dener-
vation changes in the muscles of mastication due
to V3 disease, MR imaging demonstrated T2 pro-
longation and enhancement of certain muscles of
facial expression (buccinator, quadratus labii infer-
ioris, orbicularis oculi). There was also possible
volume loss in some of these muscles (not shown),
but given the small size of these muscles, our abil-
ity to reliably discern fatty infiltration is somewhat
questionable. These clinical and imaging findings
are most consistent with subacute denervation
changes. Perineural spread of cutaneous malignan-
cy is a well-recognized cause of cranial neuropathy
(16), with partial or complete facial palsy, facial

hypesthesia and/or pain occurring months to years
after excision of a cutaneous malignancy. In some
cases, this is the first manifestation of regional me-
tastasis, but the patient may not even recall a his-
tory of prior facial skin cancer. Imaging (if per-
formed without careful attention to technique) may
be negative, and patients may be misdiagnosed
with typical Bell’s palsy if the seventh cranial nerve
is involved. Perineural spread of tumor may rarely
present with classic tic douloureux, though in some
cases, facial dysesthesia may be erroneously la-
beled tic douloureux (17). In our cases, patient 1
had a known history of cutaneous malignancy, but
patient 2 had no history of any cutaneous or mu-
cosal lesion. Trigeminal neuropathy has been de-
scribed in the setting of prostate cancer (18),
though the lack of a definite bony mandibular le-
sion would be somewhat unusual, as the typical
access to V3 is via an osseous metastasis that then
invades the nerve. In both our patients, there was
pathologic involvement of cranial nerve V as well
as VII, and spread of tumor along the greater su-
perficial petrosal nerve, an important connecting
pathway between these two nerves, likely played a
role in this pattern of spread.

There are some potential pitfalls in the MR im-
aging diagnosis of denervation. Traumatized mus-
cles may appear similar to denervated muscle with
T2 prolongation and enhancement, but there will
often be associated subcutaneous edema and, of
course, a history of trauma. Radiation therapy may
also result in myositis, though muscles generally
are quite radioresistant. In patient 1, prior radiation
therapy with 6 MeV electrons had been given;
these typically penetrate into tissue only 2 cm or
so, and as an offset bolus had been used, only 1
cm of tissue penetration would have been expected.
In the peripheral nervous system, specific muscles
within presumed single-nerve territories have been
shown to vary in the time necessary to develop
signal intensity alteration (9), which can complicate
the imaging diagnosis of denervation. Two expla-
nations offered for this phenomenon are collateral
nerve supply, which retards the evolution of MR
imaging changes after denervation, or that fiber at-
rophy may occur at different rates in different mus-
cles after denervation.

It should be recalled that normal facial nerves fre-
quently show enhancement (19, 20). Martin-Duver-
neuil et al (20) suggested three criteria for patholog-
ic enhancement of the facial nerve: enhancement
outside the facial canal, extension of enhancement
to the eighth nerve, and intense enhancement in the
labyrinthine and/or mastoid segments. Both our pa-
tients meet criteria for pathologic enhancement, and
the diagnosis of perineural spread of neoplasm was
consistent with clinical and imaging features. Some
cases may be far more subtle, though, and it may
be that the combined finding of questionable asym-
metrical facial nerve enhancement with denervation
changes in the muscles of facial expression may be
more compelling for invasion of the nerve than sim-
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ply the questionably asymmetrical enhancement
along the course of the nerve. Additionally, further
investigation of signal alteration of mimetic muscles
in facial nerve dysfunction may be of interest be-
cause the presence of this change could conceivably
have prognostic significance. Clinicians spend con-
siderable effort on neurophysiological testing (nerve
excitability testing, evoked electromyography, and
spontaneous electromyography) to help stratify pa-
tients with favorable prognoses from those likely to
suffer long-term cosmetically and functionally sig-
nificant deformity. Imaging both CN VII and facial
musculature in a sizeable cohort of patients with to-
tal paralysis due to Bell’s palsy (mononeuritis)
might demonstrate that signal change in target mus-
cles correlates with adverse outcome due to a more
severe degree of neural injury. If this proves to be
valid, then routine imaging of facial palsy, including
both nerve pathway and target musculature, could
provide both diagnostic and prognostic benefit.

It is of interest that the MR imaging correlates of
denervation change in the muscles of facial expres-
sion have not been previously reported, since the
imaging pattern is so well described in other cranial
nerve motor neuropathies. An obvious explanation
would be the small size of these muscles, which
makes them much more difficult to assess than the
muscles of mastication or the tongue. Additionally,
when patients with a lower motor neuropathy of CN
VII are imaged, the focus is generally on covering
the nerve from its nuclear origin in the brain stem
to its branching in the parotid gland, and the more
anteriorly located muscles of facial expression may
not always be included in the field of view. Finally,
a patient with a lower motor neuron lesion of CN
VII is usually clinically obvious and imaging is di-
rected at establishing the etiology of this palsy rather
than the end-organ appearance. This is in contrast
to lesions of V3 and XII, which may be relatively
occult in terms of clinical symptomatology or over-
looked on clinical examination. Therefore, the motor
atrophic patterns on imaging may be very helpful in
directing the clinician to a head and neck neoplasm
or brain stem lesion, or confirming a lesion in a
questionable case (1).

Conclusion
The identification of characteristic patterns of de-

nervation atrophy on cross-sectional imaging ex-
aminations of the head and neck is a useful indi-
cation of dysfunction of motor cranial nerves.
Atrophy of the muscles of facial expression has
been previously noted on CT scans obtained from

patients with facial palsy. We report two patients
with facial nerve dysfunction secondary to peri-
neural spread of tumor who developed subacute de-
nervation changes in the muscles of facial expres-
sion, which were disclosed by MR imaging.
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