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Objective: The study aimed to investigate
whether the degree of postinfectious olfactory loss is
reflected in volume of the olfactory bulb (OB). Study
Design: Retrospective study of 26 patients with
postinfectious olfactory loss. Materials and Methods:
Olfactory function was assessed with the “Sniffin’
Sticks” test kit, and the magnetic resonance imaging
study focused on OB volume and the olfactory sulcus.
Results: The study revealed that 1) OB volume varies
with regard to olfactory function, 2) OB volume de-
creases with duration of olfactory loss, and 3) patients
with parosmia had smaller OB volumes than patients
who did not report such smell distortions, although
their overall olfactory function was not significantly
different from each other. Conclusion: The study em-
phasizes that OB volume is a gauge of olfactory func-
tion. Key Words: MRI, olfaction, olfactometer, smell.
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INTRODUCTION
Postinfectious olfactory loss is characterized by a

sudden loss of olfactory function after an infection of the
upper respiratory airways.1 The disorder typically affects
middle aged women and is associated with severe, but
frequently incomplete, loss of olfactory function. Anosmia
is present between 36% and 53% of the cases and hypos-
mia between 47% and 64% of the cases.2,3 In addition,
parosmia is described by at least 15% of the patients.4

Postinfectious olfactory loss is believed to be caused
by damage of olfactory receptor neurons.5 Pathophysiol-
ogy of the disorder is not yet understood, but olfactory loss
appears related to either a toxic attack of the neuroepi-

thelium from the viruses or processes related to peri-
receptor events. Biopsy studies of the neuroepithelium
have revealed that olfactory epithelia of patients with
postinfectious olfactory loss exhibit a large area of cicatri-
zation, decreased number of cilia on the olfactory receptor
neuron, and replacement of sensory epithelium with re-
spiratory epithelium.1 Such damage to the periphery is
believed to be reflected in the volume of the olfactory bulb
(OB).

The OB maintains continuing synaptogenesis such
that it remains highly plastic throughout adult life, which
is the basis of the plasticity of the sense of smell.6 The
human OB also appears to be populated, throughout life,
by new granular and periglomerular neurons.6 Another
hypothetical mechanism may be that the infectious agent
causes destruction and degeneration of the OBs. In fact, it
has been demonstrated that viral particles are found in
the OB of patients, suggesting that viral agents are capa-
ble of penetrating through the cribriform plate to affect
information processing in the OB.7

Thus, the question perused in the present investiga-
tion was whether the degree of postinfectious olfactory
loss is reflected in OB volume. Such a direct correlation
would support the idea that olfactory loss after infections
of the upper respiratory tract is caused by peripheral
damage.

MATERIALS AND METHODS

Subjects
This study was conducted at the Department of Otorhino-

laryngology of the Saint Luc University Hospital in Brussels
between January 2001 and July 2004. Patients with postinfec-
tious olfactory loss received an otorhinolaryngologic investigation
including nasal endoscopy, had a detailed interview with an ex-
perienced otorhinolaryngologist (P.R.), went through psychophys-
ical tests of olfactory performances, and had magnetic resonance
imaging (MRI) of the OB. Diagnostic criteria for postinfectious
olfactory loss included 1) history of olfactory disorder after infec-
tion of the upper respiratory tract, 2) patency of the olfactory cleft
at endoscopic examination, 3) evidence of olfactory dysfunction,
and 4) exclusion of others causes of olfactory disorders (e.g.,
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sinonasal disease). A total of 26 patients were included in this
study (5 men, 21 women; age range 30–68 yr; mean age 46 yr).

Psychophysical Testing of Olfaction
Performance:

Psychophysical testing of olfactory performances was per-
formed with the validated Sniffin’ Sticks test.8 Odors are pre-
sented to the patients in felt-tip pens. For birhinal stimulation,
the pens’ tip is placed approximately 2 cm in front of both nostrils.
This test encompass three different approaches. First, odor
threshold (T, threshold) is assessed with n-butanol with stepwise
dilutions in a row of 16 felt-tip pens. Second, patients are asked to
discriminate odors. For each discrimination task (D, discrimina-
tion), three pens are presented, two containing the same odor and
the third containing the target odorant. The target odors should
be recognized in a row of 16 trials. Third, a row of 16 odors is
presented to the patients together with a list of four verbal
descriptors (I, Identification). For healthy subjects, the TDI score
at the 10th percentile is 29 to 30 for ages from 36 to 55 years, and
functional anosmia (further termed “anosmia”) is diagnosed if the
TDI score is less than 16. With a TDI score between 16 and 28,
patients are considered as hyposmic.

MRI Protocol and Measurements
Patients were examined on a 1.5 Tesla MRI system (Signa

Echospeed, GEMS, Milwaukee, WI) using a standardized protocol
for OB analysis. The protocol included 1) 5 mm thick standard
T2-weighted fast spin-echo images covering the whole brain with-
out interslice gap to rule out any organic brain disorder; 2) 5 mm
thick T2-weighted gradient-echo images using the Echo-Planar
imaging technique (EPI-GRE-T2*) covering the whole brain to
rule out the presence of any parenchymal or meningeal posttrau-
matic hemosiderin deposit; and 3) 2 mm thick T1- and T2-
weighted fast spin-echo images without interslice gap in the
coronal plane covering the anterior and middle segments of the
base of the skull. Two observers performed the analysis after a
standardized method9 (G.N., T.D.). In summary, OB volumes
were calculated by planimetric manual contouring (surface in
mm2), and all surfaces were added and multiplied by two because
of the 2 mm slice thickness, to obtain a volume in mm3. The depth
of the olfactory sulcus was measured by drawing a perpendicular
line connecting this tangent line to the deepest point of the
sulcus9 (Fig. 1). Decreased OB volume in a patient with functional
anosmia is shown in Figure 2.

Statistical Analyses
All statistics were performed using SPSS software versus

12.0 (SPSS Inc., Chicago, IL). Results from measurements of OB
and olfactory sulcus (OS), respectively, were submitted to analy-
ses of variance for repeated measures with “diagnosis” (hyposmia,
functional anosmia) as between-subject factor and “side” (left,
right) as within-subject factor. To account for age as a potential
confounding factor of olfactory function/OB volume, it was used
as a covariant. In addition, correlations were controlled for the
patients’ age. Degrees of freedom were corrected according to
Greenhouse-Geisser. The level of significance was set at .05.

RESULTS
A total of 26 patients were included in this study (5

men, 21 women; mean age 46 yr, age range 30–68 yr).
Descriptive statistics of the results from olfactory testing
and measurement of OB volume and OS depth are given
in Table I. Mean duration of olfactory loss was 6 (range
1–15) months. Twelve patients reported parosmic sensa-
tions (8 with anosmia, 4 with hyposmia), and 14 patients

reported absence of parosmias (3 with anosmia, 11 with
hyposmia).

OB volumes of patients with hyposmia were found to
be larger than those of patients with functional anosmia
(F[1,23] � 6.46, P � .018). No difference was found be-

Fig. 1. T2-weighted image.(A) Coronal view with normal olfactory
bulb. (B) Horizontal view with olfactory bulb and olfactory tract. (C)
Sagittal view with olfactory bulb and olfactory tract.

Fig. 2. (A) T2-weighted image coronal view with an olfactory bulb
showing a decreased volume. (B) T2-weighted image sagittal view
with an olfactory bulb showing a decreased volume.

Laryngoscope 116: March 2006 Rombaux et al.: Olfactory Function and Bulb Volume with Postinfectious Loss

437



tween left- and right-sided OB volumes (F[1,23] � 1.12, P
� .30). In addition, left- and right-sided OB volume exhib-
ited significant correlations with the patients’ odor iden-
tification abilities (left OB: r23 � 0.52, P � .008; right OB:
r23 � 0.47, P � .019) (Fig. 3).

With regard to depth of the OS, no significant differ-
ences were observed between the two groups of patients
(F[1,23] � 0.29, P � .60) or between the left and right OS
(F[1,23] � 0.00, P � 1.0). No significant correlations be-
tween OS depth and any measure of olfactory function
was observed (P values � .30).

Duration of olfactory loss was negatively correlated
with odor identification (r23 � –0.55, P � .004) and odor
thresholds (r23 � �0.53, P � .006) but not odor discrimi-
nation (r23 � –0.33, P � .11). In addition, there was a
negative correlation between OB volumes and duration of
the olfactory loss (left OB: r23 � –0.57, P � .003; right OB:
r23 � �0.59, P � .002). However, depth of the OS was not
correlated with duration of olfactory loss (P values � .71).

Patients with parosmia had smaller OB volumes
compared with patients without parosmia (F[1,23] � 9.24,
P � .006), although the two groups did not differ signifi-

cantly in terms of olfactory function (F[1,23] � 1.71, P �
.19).

DISCUSSION
The most salient results from the present study in

patients with postinfectious olfactory loss were that 1) OB
volume varies with regard to olfactory function, 2) OB
volume decreases with duration of olfactory loss, and 3)
patients with parosmia had smaller OB volumes than
patients who did not reported such smell distortions, al-
though their overall olfactory function was not signifi-
cantly different from each other.

The present study suggested that OB volume reflects
olfactory function in patients with olfactory loss. Impor-
tantly, this correlation does not only include the differen-
tiation between anosmia and remaining olfactory func-
tion, but OB volume is also a gauge of the degree of
olfactory function remaining. This correlation between
structure and function is most likely caused by the high
plasticity found in the synaptogenesis of the OB.10 In
addition, there is a continuous stream of neurons from the
subventricular zone to the OB, which is unique in the
central nervous system.11

The current findings also support previous research
on reduced OB volume after a decrease of sensory input.
As shown by correlational analyses controlling for the
patients’ age, volumes of the OBs appear to decline in
parallel to smell function. Therefore, the presence of smell
dysfunction caused by damage of peripheral olfactory
structures shows association with reduced OB volumes as
a characteristic clinical finding.9,12 In contrast, as indi-
cated through MRI studies in neurodegenerative disor-
ders,13 diseases of the central nervous system apparently
have no significant effect on OB volumes, at least not at
certain stages.

The correlation between OB volume and olfactory
function may also be used as a means to provide patients
with information on the prognosis of their disease. In
agreement with previous studies,9 we consider reduced
OB volumes as a feature of peripheral olfactory damage.
In fact, in the present study, this decrease of OB volume
was correlated with the duration of olfactory loss. How-
ever, up to 60% of the patients with postinfectious olfac-
tory loss experience partial recovery of some olfactory
function over the years.14 In turn, the regenerating olfac-
tory receptor neurons may re-increase the sensory input to
the OB, resulting in volumetric increase of the OB. OB
volume, therefore, may have some clinical significance as
a prognostic sign in terms of restoration of smell loss.

The present study also confirmed previous work in-
dicating that patients with parosmia do exhibit smaller
OB volumes compared with patients with similar loss of
olfactory function but without parosmia.9 Although paros-
mia is difficult to quantify, it considers a state where odors
are distorted.15 On the basis of the decreased volume of
the OB, these distortions may be explained, at least in
part, by a loss of interneural inhibitory mechanisms in the
OB, resulting in the uninhibited spread of neuronal acti-
vation in the OB and leading to the same chaotic pattern
produced by distinct odors.

TABLE I.
Descriptive Statistics of Results from Olfactory Testing and

Measurements of Olfactory Bulb Volume and OS Depth,
Respectively (n � 26).

Minimum Maximum Mean
Standard
Deviation

Odor threshold score 1.0 8.0 4.1 2.1

Odor discrimination score 4.0 12.0 6.6 2.1

Odor identification score 3.0 13.0 6.8 2.7

TDI score 11.0 28.0 17.5 5.2

OB volume right (mm3) 13.3 40.3 29.2 7.2

OB volume left (mm3) 12.6 36.3 26.9 5.8

OS depth right (mm) 6.8 14.8 9.5 1.9

OS depth left (mm) 5.3 12.2 8.6 2.0

TDI � Threshold—Discrimination—Identification, OS � Olfactory Sul-
cus.

Fig. 3. Correlation between odor identification scores and olfactory
bulb (OB) volume, separately for the left and right OB. Results for
patients with anosmia are indicated by gray circles, results for
hyposmic patients by black squares.
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In conclusion, the present study emphasizes that OB
volume is a gauge of olfactory function. Prospective stud-
ies with repeated MRI during the course of olfactory dys-
function would be needed to answer questions with regard
to the dynamics of OB volume change.
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