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Summary: An estimated two million Americans suffer from
chemosensory disorders. We present the clinical and imag-
ing findings in three hyposmic patients with bilateral ol-
factory bulb calcification detected by CT. To our knowl-
edge, these are the first cases of olfactory bulb calcification
reported in the literature. A review of the literature con-
cerning calcification of cranial nerves, olfactory neuritis,
and the potential etiology and clinical significance of olfac-
tory bulb calcification in our patients is presented.

An estimated two million Americans suffer from
taste and smell disorders, and as many as 25% of
cases are classified as idiopathic (1). We present three
patients with hyposmia and olfactory bulb calcifica-
tion identified on coronal sinus CT scans. To our
knowledge, these are the first cases of olfactory nerve
calcification to be reported in the literature. Follow-
ing the case presentations, the etiologies of olfactory
dysfunction, clinical evaluation methods, and poten-
tial relationship of olfactory nerve calcification to
hyposmia are discussed.

Case Reports

Patient 1
A 23-year-old white female patient presented with the com-

plaint of diminished sense of smell. Her medical history was
significant for basal cell nevus syndrome. She was taking no
medications and denied any tobacco use. She denied any nasal
obstruction, rhinorrhea, facial pain, or headaches. Findings on
physical examination were unremarkable, as were those at
nasal endoscopy. The University of Pennsylvania Smell Identi-
fication Test (UPSIT), a multiple-choice odor identification
test, was administered, and the patient correctly identified 75%
(30/40) of the odors on the right and 72.5% (29/40) on the left,
which classified the patient’s condition as mildly hyposmic.
Coronal sinonasal CT examination demonstrated calcification
within the olfactory bulbs bilaterally (Fig 1).

Patient 2

A 49-year-old African-American female patient presented
with altered flavor perception and frontal headaches. She did
not have specific olfactory complaints. Her medical history was
significant for hypertension, diabetes, seizures, and migraines.
She denied any tobacco use, nasal obstruction, rhinorrhea, or
facial pain. Physical examination findings were unremarkable,
as were those at nasal endoscopy. On UPSIT, the patient
correctly identified 87.5% (35/40) of odors on each side, which
classified her condition as mildly hyposmic when her score was
adjusted for age. Taste testing results were normal. CT of the
sinonasal cavities revealed bilateral olfactory bulb calcification
(Fig 2A). MR images showed no abnormalities of the anterior
skull base or cerebrum; however, hypointense signal on
long-TR images was noted in the olfactory bulbs (Fig 2B),
corresponding to the dense calcifications shown by CT.

Patient 3

A 61-year-old white female patient presented with the com-
plaint of a “bad odor” as well as distortion of smell and flavor
of most foods. Her medical history was significant for GERD
(Gastroesophageal Reflux Disease), diverticulosis, and senso-
rineural hearing loss. She denied any tobacco use, nasal ob-
struction, rhinorrhea, facial pain, or headaches. Physical exam-
ination findings were unremarkable, as were those at nasal
endoscopy. At smell identification testing, the patient correctly
identified 62.5% (25/40) of odors, classifying her as moderately
hyposmic. A CT scan demonstrated punctate bilateral olfactory
bulb calcification (Fig 3A). MR imaging revealed mild en-
hancement of both olfactory bulbs, but no other anterior cra-
nial fossa abnormalities (Fig 3B and C). Follow-up CT 1 year
later demonstrated no progression of the amount of calcifica-
tion within the olfactory bulbs.

Discussion

The olfactory neuroepithelium occupies a 1-cm2

area in the superior nasal vault. Smell is perceived
when an odorant molecule reaches the olfactory ep-
ithelium and interacts with a specific complementary
receptor. This results in the generation of afferent
impulses, which are transmitted across the cribriform
plate to the central olfactory centers. Smell disorders
are classified as anosmia (a complete loss of smell),
hyperosmia (an enhanced sense of smell), and hypos-
mia (a decreased sense of smell). Dysosmia refers to
distorted odor perception. Dysosmias can be further
classified as either parosmias, a distortion of an odor-
ant stimulus, or phantosmias, an intermittent or con-
tinuous perception of an odor when no odorant stim-
ulus is present. It is important to note that most
patients with a chemosensory dysfunction will com-
plain of distorted taste, although this perception usu-
ally results from olfactory dysfunction.
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Etiology of Olfactory Dysfunction
Potential etiologies of hyposmia include idiopathic

origin (26%), head injury (19%), prior upper respi-
ratory tract infection (URI) (17%), sinonasal disease
(16%), toxic exposure (6%), multiple causes (5%),
congenital anosmia (2%), age-related olfactory loss
(1%), and miscellaneous causes (8%) (2). An esti-
mated 5–30% of head injury patients will have olfac-
tory dysfunction, most often anosmia (3). The mech-
anism is presumed to be tearing of the olfactory
epithelium, shearing of axons as they pass through the
cribriform plate, or both. Prognosis for these patients
is higher than other categories of olfactory loss, with
40% of trauma patients regaining some or all of their
sense of smell (4).

Postinfectious olfactory loss, usually secondary to
viral URI, is diagnosed on the basis of the temporal
relationship of the olfactory loss to a URI. These
patients most commonly experience hyposmia and
dysosmia (2). The mechanism of olfactory dysfunc-
tion in these cases is not clearly understood, but
studies have shown that the olfactory neuroepithe-
lium undergoes a direct insult from the virus (5).
Spontaneous recovery may occur slowly over years
but is uncommon (6).

Olfactory loss due to sinonasal inflammatory and
neoplastic disorders is usually caused by direct ob-
struction of the olfactory clefts. Chronic rhinosinus-
itis, allergic rhinitis, and polyposis are the most com-
mon etiologies of mucosal congestion. These patients
describe fluctuating levels of olfactory function with
intermittent hyposmia or anosmia. Phantosmias are
often indicative of sinus infection although, in rare
cases, they may be caused by metabolic disorders (2).
Obstructive olfactory loss can sometimes be reversed
with treatment of the underlying nasal or sinus dis-
ease. Thus, the prognosis for recovery is favorable.

Olfactory dysfunction from toxic exposure is re-
lated to either an acute, large, inadvertent exposure
to a toxin or a long-term, low-grade exposure (2).
Phosphorus fire, chlorine gas, metal dusts, solvents,
acids, oil vapors, and household cleaners have all
been associated with olfactory loss (2, 7). These sub-
stances directly injure the olfactory neuroepithelium,
the olfactory nerves, or both (7). Conflicting data
about the effects of chronic cigarette smoking have
been presented, but these likely represent other
causes of olfactory loss (3). The prognosis for recov-
ery depends on the substance and intensity of expo-
sure, but it is often poor.

Congenital olfactory dysfunction with resulting
anosmia have been noted in 2% of patients (2). Sev-
eral syndromes have been associated with olfactory
loss, including Turner and Kallman syndromes. Bi-
opsy results from these patients have shown the ol-
factory neuroepithelium to be underdeveloped or im-
mature (8).

Smell disorders related to age have been cited most
commonly after the 7th decade of life. Both men and
women experience a marked decrease in olfaction
after the age of 69 years and are usually classified as

hyposmic (9). Age-related olfactory loss is attributed
to degenerative changes in nasal epithelial receptors
and the replacement of the olfactory neuroepithelium
by respiratory epithelium in a random pattern (10).

Evaluation of Patients with
Olfactory Dysfunction

The evaluation of patients with disorders of smell
and taste begins with a thorough history and physical
examination. The history should include present med-
ications, history of prior head trauma, toxic exposure,
and recent URI. Physical examination should include
a complete ear, nose, and throat examination as well
as a cranial nerve examination. Nasal endoscopy is
helpful to exclude sinonasal inflammatory or neoplas-
tic disease. Chemosensory testing should be con-
ducted because of the frequent confusion between
smell, taste, and flavor perception. Olfactory testing
involves identification of specific odors, threshold
testing, or both. The UPSIT is a standardized, easily
administered odor identification test that uses a mul-
tiple-choice format (11).

Imaging studies are indicated in the workup of
chemosensory disorders if the history and physical
examination do not provide a clear diagnosis. CT is
the initial study in evaluating patients with hyposmia,
particularly when the etiology is thought to be sinona-
sal obstructive disease. CT scanning demonstrates the
bony anatomy and air passages of the sinonasal cav-
ities and detects mucosal thickening, polyps, and
masses. CT scanning is more sensitive for detecting
calcification than MR imaging, and the olfactory bulb
calcifications in our patients were well demonstrated
with standard thin-section coronal sinonasal CT.

MR imaging is a valuable tool for evaluating the
hyposmic patient, particularly those in whom a caus-
ative disease process is not detected within the nasal
cavity at CT. MR imaging is superior to CT scanning
for excluding intracranial disease and for evaluating

FIG 1. Coronal CT scan from patient 1 demonstrates attenu-
ated, rounded calcifications above the cribriform plate (arrows)
in the location of the olfactory bulbs.
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the extent of known anterior cranial fossa pathologic
process. The multiplanar capability of MR imaging
allows optimal visualization of the olfactory bulbs,
tracts, and anterior cranial fossa structures responsi-

ble for olfactory function (12). Although MR imaging
is somewhat less sensitive for evaluating bony anat-
omy and detecting calcification, it is clearly superior
for delineating the extent of soft-tissue masses tra-

FIG 2. Patient 2.
A, Coronal CT image shows attenuated calcification in the location of the olfactory bulbs (arrows) similar to that seen in patient 1.
B, Coronal T2-weighted MR image demonstrates markedly hypointense signal in the olfactory bulbs (arrows) corresponding to the

areas of calcification noted on the corresponding CT scan (A). No other anterior cranial fossa lesions were identified.

FIG 3. Patient 3.
A, Coronal CT scan shows punctate calcifications in the ex-

pected location of the olfactory bulbs (arrows).
B, Coronal T1-weighted MR image demonstrates the olfactory

bulbs (arrows) before contrast agent administration.
C, Postcontrast coronal T1-weighted MR image demonstrates

mild enhancement of both olfactory bulbs (arrows).
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versing the skull base, evaluating parenchymal lesions
within the frontal lobes and hypothalamus, and con-
firming the precise anatomic location of an abnormal-
ity seen on CT scans, such as calcification of the
olfactory bulbs as noted in patient 2 in our series.

Relationship of Calcification to Nerve Function
The literature was reviewed with respect to olfac-

tory neuritis as a cause of hyposmia, olfactory (and
other cranial nerve) calcification, and the relationship
of calcification to olfactory dysfunction. No previous
cases of olfactory bulb calcification in hyposmic pa-
tients have been reported, and little literature about
olfactory neuritis was discovered. Olfactory neuritis,
as a distinct entity, was described in a 1972 article that
studied 17 patients (13). In this article, Kitsera hy-
pothesized that anosmia or hyposmia may result from
olfactory neuritis, but no convincing scientific evi-
dence was given to support this claim. Imaging studies
were not obtained in these patients. Little literature is
available describing the relationship between inflam-
matory cranial neuritis and nerve calcification. A
study by Bajandas and Smith (14) found that calcifi-
cation within nutrient vessels supplying the optic
nerve may play a role in the development of optic
neuropathy. The authors hypothesized that the vas-
cular calcification led to ischemia of the nerve, pro-
ducing neuritis.

Several studies have discussed the role of imaging
in the evaluation of patients with chemosensory dys-
function. A study by Schellinger et al (15) described
354 patients with taste, smell, or both taste and smell
disorders evaluated with CT. CT abnormalities in-
cluding frontal encephalomalacia, subfrontal atrophy
in the area of the olfactory bulbs, and anterior tem-
poral lobe atrophy, all related to prior trauma were
found in 31% of patients. Schellinger et al described
no olfactory nerve calcification. Calcification around,
but not within, the nerves has been reported infre-
quently in the literature. Doty (9) investigated the
etiology of age-related olfactory dysfunction and
found that calcification of the cribriform plate was
potentially related to a decline in sense of smell. The
hypothesis in the study was that calcification led to
degenerative changes of the olfactory neurons. MR
imaging has also been used to evaluate patients with
smell disorders. As previously mentioned, MR imag-
ing is the method of choice for visualization of the
olfactory bulbs and olfactory tracts and for detecting
intracranial lesions affecting olfactory function (12).
MR imaging evaluation studies of congenital and
posttraumatic olfactory dysfunction have shown vol-
ume loss of the olfactory bulbs and tracts but make no
note of neural calcification (16, 17).

Other authors have noted calcification of degener-
ating myelinated axons elsewhere within the nervous
system that may suggest a causal relationship between
calcification and neurodegenerative changes (18). Ax-
onal calcification has been seen in traumatized spinal
cord tissue in humans and animals (19). Using an
animal model, these authors demonstrated calcium-

induced paraplegia. Histologic analysis supported the
authors supposition that calcium-mediated necrosis
led to nerve dysfunction. Several metabolic states and
syndromes have been associated with cerebral and
meningeal calcification, and these patients may de-
velop cranial nerve dysfunction. Some of these con-
ditions include idiopathic hypoparathyroidism,
pseudohypoparathyroidism, Paget disease, and car-
bonic anhydrase II deficiency (20). Cranial nerve dys-
function in these cases may be related to nerve com-
pression from foraminal narrowing in the skull base.
Peripheral neuropathy, commonly seen in diabetic pa-
tients, has also been linked to perineural calcification
(21). Peripheral and cranial nerve neuropathies due to
neural calcification have been reported in association
with scleroderma and its CREST variant (22).

The etiology of olfactory dysfunction in the three
patients we present is presumed to be idiopathic, and
the relationship of olfactory bulb calcification to their
hyposmia is uncertain. The calcification may repre-
sent the sequela of previous olfactory neuritis or un-
recognized toxic exposure. Alternatively, the calcifi-
cation of the nerve may be the primary disease
causing olfactory dysfunction. In no cases were im-
ages of our patients available from prior to their
presentation with hyposmia; thus, the temporal rela-
tionship between the onset of hyposmia and the de-
velopment of the olfactory bulb calcification cannot
be determined.

Conclusion

Disorders of olfactory function are frequently at-
tributed to prior head injury, previous URIs, sinona-
sal disease, toxic exposures, or are considered idio-
pathic. The origin of olfactory bulb calcification in the
three patients presented and relationship to their
olfactory dysfunction remain uncertain. Although ev-
idence exists to support that calcium can have a neg-
ative effect on nerve function in the experimental
setting, no direct evidence that calcification of the
olfactory nerve is a cause of olfactory dysfunction has
been confirmed. Further study is necessary to clarify
the role of olfactory bulb calcification in patients with
chemosensory symptoms.
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