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Olfaction represents an ancient, evolutionarily critical physiologic
system. In humans, chemosensation mediates safety, nutrition,
sensation of pleasure, and general well-being. Factors that affect
human olfaction included structural aspects of the nasal cavity that
can modulate airflow and therefore odorant access to the olfactory
cleft, and inflammatory disease, which can affect both airflow as well
as olfactory nerve function. After signals are generated, olfactory
information is processed and coded in the olfactory bulb and
disseminated to several areas in the brain. The discovery of olfactory
receptors by Axel and Buck sparked greater understanding of the
molecular basis of olfaction. However, the precise mechanisms used
by this system are still under great scrutiny due to the complexity of
understanding how an enormous number of chemically diverse
odorant molecules are coded into signals understood by the brain.
Additionally, it has been challenging to dissect olfactory sensation
due to the multiple areas of areas of the brain that receive and
modaulate this information. Consequently, our knowledge of olfac-
tory dysfunction in humans remains primitive. Aging represents the
major cause of loss of smell, although a number of clinical and en-
vironmental factors are thought to affect chemosensory function.
Treatment options focus on reducing sinonasal inflammation when
present, ruling out other treatable causes, and counseling patients
on safety measures.
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One of the most critical functions of the nasal airway is che-
mosensation. Although human beings are less dependent on
chemosensory input than are other mammals, reflecting evolu-
tionary changes in sensory and brain development (1), olfactory
function still plays a critical role in human physiology. The de-
tection of hazards in the environment is mediated by the ol-
factory and trigeminal systems that act as surveillance systems
over the air as it traverses the upper airway. A second critical
function is the role that the sense of smell plays in pleasure,
including nutrition, sexuality, and mood. Last, novel functions
for the olfactory system are being elucidated. A growing body
of evidence has implicated a role for olfaction in such diverse
physiologic processes as kin recognition and mating (2-4),
pheromone detection (5, 6), mother—infant bonding (7), food
preferences (8), central nervous system physiology (9), and even
longevity (10). As with other special senses such as audition,
olfactory ability declines with age, a phenomenon with enor-
mous implications on the population level as our society ages
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and on the individual in terms of a detrimental quality of life. A
lack of attention clinically (e.g., compare awareness of blindness
and deafness with that of olfactory loss) and significant chal-
lenges to scientific inquiry in humans has limited progress in
delineating the precise mechanisms of olfaction. A better
understanding of the clinical and molecular factors that modu-
late this special sense may allow for the development of
therapies for olfactory dysfunction and a deeper understanding
of this interesting aspect of human physiology.

ANATOMY AND PHYSIOLOGY OF OLFACTION

Structure of the Nose

The anatomy of the nose is discussed in detail elsewhere in this
issue. Briefly, the nasal passages are divided by the nasal septum
in the midline. Each lateral nasal wall is formed by four
turbinates (inferior, middle, superior, and supreme). The nasal
valve lies anteriorly at the vestibule of the nose and is formed by
the lower border of the upper lateral cartilage, the septum, and
the anterior portion of the inferior turbinate; this cross-sectional
area is the point of highest resistance of the respiratory tract.
Airflow patterns in the nose are affected by these anatomic
factors. Alteration of the normal laminar airflow through the
nose results in turbulence, which not only affects the other
functions of the nose (humidification and warming of air before
its arrival in the lower airway by the turbinates [11]) but also
directs air superiorly toward the olfactory epithelium, thus
facilitating olfaction (12) (Figure 1).

Neural Pathways for Chemosensation

Chemosensation in the nose is mediated by the olfactory nerve
(cranial nerve I) and trigeminal nerve (cranial nerve V). The
olfactory neuroepithelium is characterized by the presence of
olfactory neurons whose axons project across the cribriform
plate at the roof of the nasal cavity, where they synapse with
neurons in the central olfactory nervous system (see below).
Classically, the distribution of olfactory epithelium has been
thought to be along the cribriform plate at the superiormost
portion of the nose, medial to the superior turbinate and along
this turbinate itself. However, more recent studies have
revealed a more extensive distribution that extends farther
down the nose as far as the anterolateral middle turbinate and
also inferiorly from the cribriform plate down the posterior and
middle nasal septum (13) (Figure 2). The location of the
olfactory epithelium is variable among people and is thought
to change with time, resulting in conversion to or ingrowth of
respiratory epithelium and loss of olfactory neurons with age
and also, potentially, from environmental insult (toxins, volatile
chemicals, tobacco smoke, industrial or occupational or air-
borne pollutants) or pathophysiologic processes such as in-
fection or inflammation (14).

The nervous system in the nose is complex and, besides
olfactory innervation, is composed of both general sensory as
well as sympathetic and parasympathetic innervation that con-
trols a variety of functions in the nose including nasal blood
flow, glandular secretion, and reflexes such as sneezing and
sinonasal (15), nasonasal (16), and nasoocular responses (17).
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Figure 1. Structure of the nasal cavity. Shown is a lateral view in the
sagittal plane. Distribution of the olfactory neuroepithelium is depicted in
yellow along the medial surface of the middle and superior turbinates, the
nasal roof/cribriform plate (depicted in beige), and along the superior
portion of the nasal septum (not shown). Inspired air passes into the nose
above the inferior turbinate and is carried upward toward this epithelium
by turbulent airflow. Normal airflow travels above the inferior turbinate
toward the nasopharynx. Bone of the palate, skull base, and mandible
are depicted in beige, mucosal surfaces in pink.

These functions are under strict physiological control and de-
pend on local mucosal feedback systems for the sensory and
autonomic reflexes (reviewed in Reference 18).

In addition to its function in olfaction, the other major
chemosensory component of the nose is the trigeminal system.
Trigeminal chemosensory nerve endings in the nose are the air-
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Figure 3. Sensory and autonomic nervous supply of the nose. Lateral
view in the sagittal plane. General sensation is provided by ophthalmic
(V1) and maxillary (V2) branches of the trigeminal nerve. Autonomic
supply comes via the sphenopalatine foramen. These nerves also supply
the nasal septum (medial sagittal view, not depicted).

way’s first defense against noxious stimuli. Branches of the
trigeminal nerve (cranial nerve V) innervate the mucosa of the
nose and sinuses and mediate irritant responses (Figure 3). These
afferent axons synapse in the trigeminal nucleus, which relays
signals to the ventral posterior medial nucleus of the thalamus and
then cortical areas that process facial irritation and pain. Nocicep-
tive neurons of the trigeminal nerve are activated by chemicals
classified as irritants, including air pollutants, ammonia, ethanol
and other alcohols, acetic acid, carbon dioxide, menthol, capsaicin,
and others. Many substances also elicit olfactory signals in addition

Orbitofrontal cortex

Figure 2. Neuroanatomic connections of the olfactory
nerve. Shown is a lateral view in the sagittal plane.
Olfactory neurons are depicted with blue knobs; their
axons form filia of the olfactory nerve, cross the cribriform
plate, synapse in the olfactory bulb, and then proceed
across the central nervous system.
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to trigeminal responses, although the threshold concentrations for
trigeminal chemoreception seem to be much higher than those for
olfaction.

Responses to trigeminal chemosensory stimuli include pain,
irritation, sneezing, salivation, vasodilation with resultant nasal
obstruction, tearing, nasal secretion, sweating, a decreased re-
spiratory rate, and bronchoconstriction. Many of these responses
are stimulated by neuropeptides released from stimulated nerve
endings. If irritants reach the lower airways, analogous responses
in the lower airway can trigger sensory activity with resultant
bronchoconstriction, bronchospasm, mucus secretion and neuro-
genic inflammation.

Although much less is known about irritant receptors than
olfactory receptors, emerging data demonstrate a model of the
transient receptor potential vanilloid receptor (TRPV1; also
known as the receptor for capsaicin). This protein is a member
of a family of ion channels originally found to transmit specific pain
sensations (19) but now known to be broadly expressed in a variety
of mucosal and epithelial surfaces and other tissues. These chan-
nels initiate neuron depolarization and mediate sustained depolar-
ization, repolarization, and maintenance of resting membrane
potential. Some of these proteins respond to various stimuli in-
cluding temperature, mechanical stimulation, specific food sub-
stances (e.g., garlic or mustard oil), compounds such as menthol
and tetrahydrocannabinol, and changes in osmotic cell swelling, all
of which may be generated from foods, or from particulate,
gaseous, or other irritants (reviewed in References 18 and 20).

The Olfactory Epithelium and Central Connections

Approximately 10 to 20 million olfactory neurons within the
olfactory epithelium are located among a variety of supportive
cells. This pseudostratified columnar epithelium includes basal
cells that have been shown (in animals, but not conclusively in
humans) to function as stem cells that can give rise to all
components of the epithelium, Bowman’s glands, microvillar
cells, and sustentacular cells, which are thought to support
olfactory neuron function. Bowman’s acini are exocrine and
produce substances that are essential for olfaction. Key com-
ponents of olfactory mucus are chaperone proteins called
odorant-binding proteins that act to facilitate odorant-receptor
interaction. The precise function of the other cell types aiding in
neuronal function via other, less well-defined mechanisms are
not well known, although perhaps this occurs through providing
an appropriate local environment for optimal signal transduc-
tion. Indeed, it is possible to obtain putative stem cells from
humans through endoscopic biopsies for growth and differenti-
ation in culture, with potential therapeutic effects (21).

The regenerative power of the olfactory neuron perhaps repre-
sents an evolutionary response to the continual physical challenge of
this cranial nerve’s unique direct exposure to the environment and
allows for a reparative function on damage. In addition, ensheathing
shells that support these olfactory axons may have therapeutic uses
(22), potentially in nerve injury or neurodegeneration models.

Olfactory neurons are bipolar cells that project a single
dendrite with a thickened ending (the olfactory knob) that
extends to the epithelial surface and contains nonmotile, sensory
cilia where odor molecules bind to their receptor (see below), and
an axon that transmits signals to the brain. Axons from these
olfactory neurons form nerve bundles (fila olfactoria) that cross
the cribriform plate to synapse with other neurons in the
glomeruli of the olfactory bulb. The crossing of the olfactory nerve
across the skull base through about 20 foramina in the bone
makes this region particularly sensitive to traumatic injury, espe-
cially through frontal or occipital trauma, a frequent etiology of
olfactory loss (23). In addition, this also provides a potential route
of access to the central nervous system for toxins and pathogens.
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A complex process of signal transduction and coding of
complex signals occurs in the olfactory bulb before information
is processed and sent to other areas of the central nervous
system (24, 25). Subsequent connections as defined by human
functional magnetic resonance imaging studies to the “primary
olfactory region” (piriform cortex, olfactory nucleus and tuber-
cle, amygdala, entorhinal cortex) and secondary olfactory areas
(hippocampus, hypothalamus, thalamus, orbitofrontal cortex,
and the cerebellum) may account for the role of olfaction in
mood and emotion, pleasure sensation, memory, and many
other processes of the central nervous system (26, 27). Hence,
both peripheral and central components of the olfactory system
can affect the perception and function of this chemical sense.

The detection of odorants on a physical basis starts with
a sniff, resulting in turbulent airflow that carries odorants to the
olfactory epithelium superiorly in the nose. The odorants then
diffuse into the mucus and are transported to the olfactory
receptor by chaperones called odorant-binding proteins, which
are thought to speed up the transport of the odorants to their
receptors on the surface and also to help remove them to clear
the signal. Binding of the odorant to the specific olfactory
receptor(s) then induces signaling. A second method of per-
ception of odorants comes posteriorly through the nose via
retronasal olfaction, where odorants arise through the naso-
pharynx, ascend through the choanae of the nose posteriorly,
and rise to the epithelium via this route. Retronasal olfaction is
thought to play a key role in the sensation of flavor during
consumption of food and liquids (28).

Molecular Basis for Chemosensation in the Nose

In 1991, Linda Buck and Richard Axel discovered both the
family of transmembrane proteins that were believed to be the
odor receptors and some of the genes that encode them,
a seminal breakthrough in our understanding of the olfactory
system culminating in a Nobel Prize awarded in 2004 (29). The
superfamily of olfactory receptor (OR) genes, the largest in the
genome, includes approximately 900 genes (although about half
are nonfunctional) from 18 gene families that reside across the
genome, emphasizing their ancient nature, and comprises nearly
3% of the approximately 30,000 genes of the human genome,
highlighting their critical role in mammalian physiology and
evolution (30). Perhaps most interesting are more recent
discoveries of expression of subsets of these genes in non-
olfactory tissues including sperm and gut, implicating functions
for these genes outside their traditional role in olfaction.

In mice, each olfactory neuron expresses only one OR gene
(a process regulated by mechanisms that are not completely
clear) and precise spatial patterns of expression of certain
classes of ORs and chemosensory receptors (see below) exist
in animals and probably in humans. Odorants or mixtures of
odorants bind a pattern of olfactory receptors, resulting in
activation of the G proteins. This results in cyclic AMP-
mediated opening of cyclic nucleotide—gated ion channels as
well as calcium and sodium ion influx, depolarizing the olfactory
receptor neuron and beginning an action potential that carries
the information to the brain. Odorants are thought to bind
a number of ORs of varying affinities, resulting in complex
signals that the brain is able to interpret through a complex
system that is now under active investigation.

Because most odors in the environment are mixtures of
many components, the complexity of studying the precise
signaling responses is enormous and such research relies on
animal systems. In addition, the methods used by the olfactory
system to distinguish among odors are not clear. Specific
anosmias, the inability to detect certain odors, may reflect a lack
of particular OR genes or downstream signaling pathways
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rendering the subject unable to smell particular scents (31). In
other situations, this may manifest as hyperosmia to certain
odors (32).

Adding further complexity to odor detection are the
discoveries of additional chemoreceptor genes. For example,
trace amine-associated receptors (TAARs) have been found
in mice to respond to biogenic amines and mouse urine,
potentially modulating species-specific olfactory signals (33).
There are six TAAR genes in humans, but there are few data
to show how they might function in chemosensation in our
species. Another family of genes involved in chemosensation
in animals are the vomeronasal type 1 receptors, a multigene
family (34, 35) that is expressed in an accessory olfactory
region in the nose called the vomeronasal organ, which is
vestigial in humans (36). These genes are thought to have
degenerated through evolution; for example, there are only
five of these genes that retain an intact open reading frame in
the human genome (37). Last, formyl peptide receptors are
candidate chemosensory receptors that might be involved in
the detection of normal bacterial flora or mitochondrial
proteins in lower animals (38).

Opverall, the combinatorial diversity of signals allows for the
detection and discrimination of perhaps an unlimited diversity
of odorants. Models of olfactory information processing from
insects and lower animals are providing insights for application
to human physiology (39).

Variability in Olfactory Function

The etiology of the wide variability in olfactory performance is
one of the most fundamental questions in olfactory biology.
This may reflect different expression patterns of sets of OR
genes, central processing effects, or genetic variability in the
OR genes themselves, as has been shown in a proof-of-principle
study (40).

Studies have implicated genetic variation as a factor in
the interindividual variation in human olfaction. Surveys of
more recently identified forms of genetic variation in the
human genome have demonstrated the evolutionary impor-
tance of olfaction. For example, a high percentage (~68%)
of the regions containing segmental copy number variations,
which are associated with developmental disorders and
susceptibility to diseases, overlap with genes involved in
sensation, including olfaction (41). Similarly, common de-
letion variants were found to be present in genes involved in
olfaction (42).

Two examples show the ability to tie genetic variation with
specific variation in human olfactory function. Keller and
colleagues demonstrated the first link between the function of
a human odorant receptor both in vitro and in odor perception,
highlighting a mechanistic basis of variation in olfactory ability
between individuals (40). Similarly, Menashe and colleagues
identified variation in an olfactory receptor gene and related it
to sensitivity to a specific odor, that of isovaleric acid (32). Last,
two linkage studies for olfactory phenotypes have been per-
formed (43), including our study in which the largest linkage
signal for hyposmia (P = 0.0013) was on chromosome 4q,
suggesting a role for genetic variation in olfactory performance
in humans (44).

Interestingly, the identification of olfactory loss as one
component of Bardet-Biedl syndrome (BBS) has led to an
improved understanding of the role of sensory cilia in olfaction
and in human physiology in general (45), because the genes
underlying this complex disease seem to be involved in the
structure and/or function of cilia. Several BBS genes are located
within the linkage signal on chromosome 4.
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CLINICAL APPROACHES TO OLFACTORY DISEASE
Epidemiology

Olfactory decline is an important public health problem in the
United States (46, 47), with a reported prevalence, based on
clinical testing in a population sample, of 24.5% in persons over
age 53 years (48) and rising to 62.5% in those over age 80 years.
Similar findings were noted abroad (49, 50). Approximately 14
million Americans are estimated to have chronic olfactory
impairment (48). The impact of this special sensory loss leads
to more than 200,000 physician visits each year for chemosensory
complaints (51, 52). Because olfactory function declines with age
(53, 54), the clinical impact of olfactory dysfunction will increase
as our population ages. General population-based prevalence
studies of olfactory dysfunction are few, although associations
between olfactory decline and increased age and male sex are
common findings (55-57). Perhaps the best characterized study,
that of 2,491 subjects from Beaver Dam, Wisconsin, showed that
current smoking, stroke, epilepsy, and sinonasal disease were
associated with decreased olfaction (48). European studies
showed similar, but not identical, findings (49, 58).

Classification of Olfactory Impairments

Olfactory impairments can be classified into three broad
categories of etiology: conductive losses stemming from ob-
struction of the nasal passages, sensorineural causes from
damage to the olfactory neuroepithelium, or central dysfunction
related to central nervous system disease. These categories are
not mutually exclusive. Olfactory disease can also be catego-
rized on the basis of perceptual symptoms: difficulty with odor
identification (dysosmia); sensation of an odor different that the
typical for that substance (parosmia); and perception of an odor
when none is present (phantosmia).

Etiology of Olfactory Dysfunction

Olfactory dysfunction has been reported to arise from multiple
etiologies, but the data are clouded by anecdotal reports or
small series (reviewed in Reference 59). Most importantly,
aging is the predominant cause of olfactory decline. In special-
ized olfactory clinics, the other common causes of hyposmia/
anosmia include prior upper respiratory tract infections, head
trauma, and sinonasal disease; these etiologies account for up to
two-thirds of patients with olfactory complaints seen in such
clinics (59). However, aging is thought to represent the most
important influence on olfactory decline in the general popula-
tion (24), and this burden is predominantly a geriatric condition.
Indeed, this has been confirmed by biopsy studies that show
degeneration of the olfactory epithelium with age.

The etiology of age-related olfactory loss is unclear. Animal
studies demonstrate effects of aging on olfaction independent of
confounding environmental factors and suggest a genetic basis
for a variety of related phenotypes. For example, mutations of
olfactory genes in Drosophila affect longevity, highlighting the
critical importance of this special sense (60). However, evolu-
tionary differences in the olfactory system preclude translatable
studies, and to date there are no appropriate animal models of
age-related olfactory decline. There have been few comprehen-
sive studies of nongenetic factors associated with olfactory
impairment as measured by testing. Other than age and sex,
which have long been noted to affect olfactory function, many
of the demographic influences on olfactory decline in aging
have not been well studied. At present, the precise factors that
modulate age-related loss of smell are unknown.

There are a wide number of diseases that can cause olfactory
dysfunction. Inflammatory diseases such as rhinitis or sinusitis
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are common causes of conductive olfactory loss as the edema
from these diseases can impair airflow in the nasal airway,
impeding odorant movement to the olfactory epithelium. It
should also be noted that biopsy studies have implicated
damage to the olfactory epithelium itself, lending credence to
the hypothesis that they could cause sensorineural and/or
permanent impairment as well. Similarly, autoimmune disease
such as sarcoidosis, Wegener’s granulomatosis, or Sjogren’s
syndrome, and also viral infection of the nose could lead to
olfactory dysfunction. Trauma to the nose such as skull base
fractures, or surgery of the nose, sinuses, brain, or airway
(laryngectomy) can all decrease olfaction either physically
through airflow changes or via severance of olfactory fila.
Congenital disorders such as choanal stenosis or nasal cysts
can block nasal airflow and syndromes such as Kallmann’s
syndrome or agenesis of the olfactory bulb, or BBS can result in
a generalized lack of olfaction itself.

Olfactory decline has been associated with several neurode-
generative diseases, including Alzheimer’s disease and Parkinson’s
disease, perhaps leading to central olfactory dysfunction; although
olfactory decline may precede the more severe manifestations of
these diseases, its role a predictor or marker of disease onset has
not been clearly established. Although carefully controlled data
are not available, endocrine changes including pregnancy, di-
abetes, Addison’s disease, vitamin deficiency (primarily vitamins
A and B and thiamine) (61), as well as renal and liver disease are
associated with altered olfactory function. Chemicals such as
benzene, menthol, sulfur dioxide, carbon disulfide, heavy metals,
and dust have also been associated with olfactory loss. Medications
such as steroids, cancer chemotherapy, antibiotics (aminoglyco-
sides, macrolides, tetracycline), antithyroid medication, opiates,
sympathomimetics, antacids, and L-dopa can all affect olfaction.
The precise etiology of how these diseases, chemicals, and medi-
cations affect olfaction are not known in humans.

Assessment of Olfactory Loss

Studies have shown that many people are unaware of olfactory
loss; thus, objective testing is critical. Testing allows objective
characterization of the nature and degree of the olfactory loss,
rules out malingerers by establishing the validity of disease, and
allows the ability to monitor temporal or post intervention
changes. A variety of psychophysical methods have been de-
scribed (62), including threshold testing, where increasing con-
centrations of odorants are presented and detection recorded;
neurophysiologic techniques that include electroencephalo-
gram, electroolfactogram, and imaging protocols (primarily in
the research setting); and odor discrimination or recognition
techniques that present the subject with similar or different
odorants and assess how well they can be distinguished. The
most commonly used is the odor identification test, which
assesses how well patients can identify specific odors. In the
United States, the most commonly employed test is the
University of Pennsylvania Smell Identification Test, a 40-item
scratch-and-sniff smell test that has been validated in cross-
cultural populations, has a high test-retest reliability, is easy to
administer and inexpensive, and for which age and sex norms
are available (63).

In assessment of olfactory function, a careful history re-
cording the onset, rate of decline, and associated factors is
critical. Because inflammation accounts for the most easily
treatable cause of olfactory decline, determining the presence
of nasal symptoms including sneezing, rhinorrhea, pain, obstruc-
tion, and epistaxis is useful. Exclusion of central nervous system
disease focuses on any pertinent neurologic or psychiatric
symptoms. One should also ascertain a history of autoimmunity,
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viral infection, occupational exposure, and prior history of nasal
or neurologic surgery. A quick dietary history may be helpful,
although most Western patients are not malnourished. A family
history of genetic diseases with olfactory loss as one component,
such as Kallmann’s syndrome (64) or BBS (65), is usually
obvious. Physical examination focuses on a thorough nasal
examination including nasal endoscopy and a complete neuro-
logic examination. Imaging with sinus computed tomography
scan with fine cuts through the cribriform plate or magnetic
resonance imaging are not useful as screening measures, but
remain indicated if the history or physical findings warrant it.

Therapy and Prognosis

Although medical and surgical treatments are available for
some causes, they are limited in scope and success (66).
Therapeutic measures center on that with the best outcome,
conductive disease. In most cases, this will consist of intranasal
or systemic antiinflammatory medication and sinus surgery as
indicated for medical treatment failures of those patients who
have chronic rhinosinusitis. There are few controlled trials that
would accurately predict recovery with these treatments, but
improvement likely depends on the severity of the sinonasal
inflammatory burden. Patients may recover from traumatic and
postviral loss, with return of some smell function at 1 year being
a positive prognostic sign. Sensorineural and central dysfunction
are very difficult to treat. The treating physician can address
associated diseases and provide supportive care. In particular,
because olfactory decline manifests as taste loss, an emphasis on
other characteristics of food (such as texture, temperature,
visual appeal) is critical to helping the patient maintain pleasure
in eating and nutrition overall. Counseling regarding detection
of spoiled food, installation of smoke detectors, and monitoring
for gas leaks is also paramount for safety.

CONCLUSION

Olfaction is a critical physiologic process of the nasal airway.
The sense of smell plays an important role in pleasure, including
the palatability and flavor of food, and can even modify dietary
behavior and nutrition, a key component of health. Decline in
olfaction in older people is associated with impaired ability to
discriminate among flavors, altered food preferences, and re-
duced appetite and food intake. Patients with impaired olfaction
have a decreased ability to detect hazards in the environment,
including smoke, spoiled food, toxins, and gas leaks. Olfac-
tion influences mood, cognition, and behavior. Not surprisingly,
patients with olfactory impairment have a markedly decreased
quality of life. Importantly, decline in olfaction has been linked
with several neurodegenerative conditions (Alzheimer’s dis-
ease, Parkinson’s, and cognitive decline). Thus, olfaction is
related to a number of health and social factors that are critical
to human quality of life. Unfortunately, physicians have little
prognostic information and few diagnostic tests or therapeutic
options for the vast majority of patients who have olfactory
dysfunction.
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