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Objectives/Hypothesis: Upper respiratory tract infections are a common cause of temporary and permanent olfactory
dysfunction in the general population. Postviral or postinfectious olfactory loss (PIOL) develops only in rare cases. The aim of
this study was to investigate the anatomical features of olfactory cleft (OC) in patients with PIOL to shed light on possible
predisposing factors for PIOL.

Study Design: Retrospective study.
Methods: We retrospectively evaluated paranasal sinus computed tomography (CT) scan results of patients diagnosed

with PIOL. A control group consisted of normosmic individuals who underwent paranasal sinus CT scans before septoplasty
surgery. We compared the olfactory fossa depth, OC width, and volume on the CT scans of the PIOL and control groups.

Results: In total, 71 individuals fulfilled the study criteria (PIOL group, n = 32; control group, n = 39). There was no sta-
tistically significant difference in the olfactory fossa depth in the two groups. The OC width and volume in the PIOL group was
found to be significantly increased than that in the control group (P < .001 for both).

Conclusions: Patients with PIOL had increased OC width and volume than the healthy controls. An extra-wide olfactory
cleft may be a predisposing factor in the pathogenesis of PIOL.
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INTRODUCTION
Olfactory dysfunction is common in the general popula-

tion and is caused mainly by upper respiratory infections
(URIs), head trauma, and sinonasal pathologies.1 Olfactory
dysfunction affects approximately one-fifth of the general
population,2 with the highest prevalence in older men.2

Postviral or postinfectious olfactory loss (PIOL) is character-
ized by the sudden loss of olfactory function after an URI.

Around 3 to 5 million people suffer from influenza
each year.3 However, loss of olfactory function is extremely
rare in influenza or cases of other respiratory tract infec-
tions. URIs are characterized by nasal mucosal swelling
and a temporary conductive blockage in the olfactory cleft
(OC) that compromises the mechanical function of olfac-
tion. Olfactory function returns in most cases after nasal
mucosal edema has resolved. However, in some patients,

olfactory loss persists. The presumed cause in such cases
is viral damage of the olfactory epithelium, olfactory recep-
tor neurons, or central olfactory pathway.4

The pathophysiology of PIOL is remains unclear. A
study that examined age-related differences in the OC in
adults found widening of the OC with age.5 As the inci-
dence of olfactory disorders increases in accordance with
age, it is unclear whether increased OC width and volume
are the causes of olfactory loss.

The aim of this study was to investigate the anatom-
ical features of OCs of patients with PIOL to shed light
on possible predisposing factors for PIOL.

MATERIALS AND METHODS

Study Group
The study consisted of 71 individuals, 32 patients with PIOL

who underwent treatment between January 2015 and January
2018 and a control group of 39 age- and sex-matched normosmic
controls who underwent a preoperative computed tomography
(CT) scan before septoplasty surgery.

We retrospectively reviewed CT scan results of the patients
and compared the data with those of the controls.

Inclusion and Exclusion Criteria
The diagnosis of PIOL was based on the patient’s medical

history, physical examination, physiological olfactory test
(Sniffin’ Sticks), and radiological examinations.

The inclusion criteria for the study group were as follows: age
older than 18 years, a history of an URI immediately before olfactory
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loss, olfactory loss persisting for at least 8 weeks, pathological find-
ings on olfactory tests, no history of trauma or sinonasal surgery, no
evidence of sinonasal inflammation on nasal endoscopy or a par-
anasal sinus CT scan, and existence of CT scan images at study
entry.

The exclusion criteria for the study group were pregnancy,
normosmia (a threshold discrimination identification score [TDI]
score of >30.5), chronic rhinosinusitis, nasal polyposis, allergic or idi-
opathic rhinitis, posttraumatic olfactory loss, or other acute or
chronic nasal diseases (e.g., acute viral infections), malignant
tumors and/or a history of oncology treatment, and a history of nasal
or paranasal surgery.

The control group was constituted from patients diagnosed
as nasal septum deviation and who were found to be normosmic
according to Sniffin’ Sticks olfactory testing. Also, patients with
severe nasal septal deviation affecting the OC region were not
included into the control group.

Ethics
The study protocol was approved by the medical research

ethics committee of Acibadem University (No. 2019-3/4). The study
complied with the Declaration of Helsinki. Written informed consent
was obtained from all the participants.

Olfactory Examination
Olfactory testing was performed using the Sniffin’ Sticks

test (Burghart, Wedel, Germany).6–9 The olfactory test was
administered to all the participants. Odorants were presented
in felt tip pens. For odor presentation, the investigator first
removed the cap and then placed the tip of the pen in front of
the subject’s nostrils. With this test battery, olfactory function
was examined bilaterally in terms of the odor threshold, odor
discrimination, and odor identification. The clinical evaluation
of olfactory performance was based upon a composite of the TDI
score represented by the sum of the scores from three
subtests.6–9

OC Measurements
The CT scan data from the 71 subjects were analyzed with

respect to the depth of the olfactory fossa, width, and volume of
the OC. In both groups, the OC width and volume were measured
both for the right and left sides separately. The CT examinations
were performed using a 128 × 2 detector dual source CT device
(Flash Definition; Siemens, Erlangen, Germany). After screening
the paranasal sinus area with 0.625-mm collimation in the axial
plane, the OC area was reformatted (0.1-mm increment thickness,
0.4-mm slice) using a smaller field of view. CT scans were
reconstructed using a bone algorithm at a sharp edge window
(Syngo.via VB10A; Siemens).

The boundaries of the olfactory cleft were determined using
successive coronal plan sections of 1 mm. Anterior boundary was
defined as the anterior attachment of the middle turbinate, and the
posterior boundary was accepted as the anterior wall of the sphe-
noid sinus. The medial boundary was the nasal septum, and the lat-
eral boundary was the middle and superior turbinates. Similar to a
previous study, measurements were made taking into account OC
throughout the one-quarter upper quarter of the medial height of
the middle turbinate, assuming that the olfactory neuroepithelium
was dispersed over this area.5 The width of the OC was defined as
the distance between the middle nasal turbinate and nasal septum.
The width of the OC was measured in the coronal
section corresponding to the midline of the cribriform plate, exactly
5 mm inferior to the cribriform plate (Fig. 1). The sum of the consec-
utive sections’ areas in the coronal plane and the volume in cubic
millimeters were calculated (Fig. 2).

The CT scans were examined in the coronal plane. The
olfactory fossa depth was measured based on the position of the
cribriform plate relative to the ethmoid roof in accordance with
the Keros classification (Fig. 1).10 All measurements were per-
formed by a single radiologist who was not able to access to
demographic and clinical information of the patients.

Statistical Analysis
The statistical analysis was performed using SPSS for Win-

dows, version 15.0 software (IBM, Armonk, NY). Descriptive

Fig. 1. Evaluation of olfactory cleft via multidetector multiplanar reformat CT images. (a) The olfactory field in the axial image and its
anteroposterior extension marked with dashed line. (b) Verification of the olfactory field and finding of midline (yellow dot) performed in the
sagittal section. (c) In the same sections we measured OC width between perpendicular lamina and middle concha lamina (yellow dashes).
The distance between the two parallel lines, which is drawn at upper (long dashed) and lower limits of ethmoidal fovea (dot dashed), are mea-
sured as an olfactory fossa depth. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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statistics were expressed as numbers and percentages for cate-
gorical variables and as the mean and standard deviation (SD),
median, and interquartile range for numerical variables. An
independent-samples t test was used to compare normally dis-
tributed variables between two independent groups. The rela-
tionship between numerical variables was analyzed using
Pearson correlation analysis. A P value of <.05 was considered
statistically significant.

RESULTS
Among the 71 subjects included in the present study

(olfactory dysfunction, n = 32; controls, n = 39), 35 of the

Fig. 2. Measurement of olfactory cleft volume. (a) The left olfactory cleft area is seen as purple at this sagittal computed tomography
(CT) section. (b) Right (green) and left (purple) olfactory cleft areas are seen on this axial section CT image. [Color figure can be viewed in the
online issue, which is available at www.laryngoscope.com.]

TABLE I.
Descriptive Statistics of the Study Groups.

Patients Group,
n = 32

Control Group,
n = 39 P Value

Age 47.4 � 15 47.3 � 15 .9*

Gender (female/male) 19/13 17/22 .18†

Threshold 2.48 � 2.14 10.05 � 2.28 <.001*

Discrimination 4.09 � 3.91 10.71 � 1.45 <.001*

Identification 4.16 � 3.33 13.33 � 1.19 <.001*

TDI scores 20.09 � 8.31 34.26 � 1.31 <.001*

*Independent-samples t test.
†χ2 test.
TDI scores = Sum of odor threshold, odor discrimination, and odor

identification scores.

TABLE II.
Olfactory Cleft Width and Volume According to the Study Groups.

Patient Group
(n:32)

Control Group
(n:39) P value

Right olfactory cleft width, mm 2.07 � 0.6 1.57 � 0.46 <.001*

Left olfactory cleft width, mm 2.25 � 0.7 1.5 � 0.4 <.001*

Total olfactory cleft width, mm 5.8 � 1.7 4.32 � 0.88 <.001*

Right olfactory cleft volume, mm3 50.5 � 9.4 37 � 10 <.001*

Left olfactory cleft volume, mm3 50.2 � 10.3 38.7 � 10.6 <.001*

Height of Keros 5.83 � 1.9 5.75 � 2.12 .87*

*Independent-samples t test.

Fig. 3. Total olfactory cleft width (distance) according to the groups.
[Color figure can be viewed in the online issue, which is available at
www.laryngoscope.com.]

Fig. 4. Depth of olfactory fossa according to the groups. [Color fig-
ure can be viewed in the online issue, which is available at www.
laryngoscope.com.]
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participants were males, and 36 were females. The mean
age of the female subjects was 48.19 � 16.30 years, and the
mean age of the male subjects was 46.53 � 13.64 years.
There was no difference between the PIOL and the control
groups in terms of age and gender.

The descriptive statistics of the study groups were
shown in Table I.

The paranasal sinus CT images of the PIOL and con-
trol group were examined. When the measured OC
parameters were compared in the PIOL group and control
group, there was a significant difference between the
PIOL and control groups in terms of the right, left, and
total width of the OC (P < .001, P < .001, P < .001, respec-
tively). The OC width was higher in the olfactory dysfunc-
tion group (Table II, Fig. 3). Also, we compared the
volumes of OC between the groups, and we found that
the PIOL group had bigger OC volumes when compared
to the controls (P < .001 both for right and left OCs)
(Table II). Moreover, comparison of the depth of the olfac-
tory fossa between the groups revealed no significant dif-
ference (P = .87) (Fig. 4).

The results of the Pearson correlation analysis rev-
ealed a negative correlation between the TDI scores and
total OC width (r = −0.588, P < .001) (Fig. 5). When a uni-
variate analysis of variance was performed, we found that
the age and the gender were not the factors that affecting
both the OC width and volume (P = .6 and P = .8 for OC
width; P = .45 and P = .35 for OC volume, respectively).

DISCUSSION
This study had three major findings: 1) The total OC

width was significantly wider in the PIOL group as com-
pared with that in the control group. 2) The OC volume
was significantly higher in the PIOL group than the con-
trols. 3) However, there was no significant difference
between the PIOL and control groups in terms of the
olfactory fossa depth.

According to the current literature on differences in
OC volumes of older individuals, there was a 0.2% increase

in the OC volume for each year of life.5 This finding was
compatible with that of previous studies, which concluded
that both respiratory and olfactory parts of nasal cavity
volumes increased with age.11,12 The proposed mechanism
of age-related increased nasal cavity volume was the atro-
phy of the nasal mucosa and turbinates.11,13 In the study
by Schrödter et al., they found that ciliated epithelium
decreased with age, and atrophic epithelium could be
observed initially in patients at 40 years of age.14 In the
study of Worley et al., they reported a constant linear
increase in OC volume beginning in subjects as young as
age 18 years.5 Their findings supported the findings of the
study of Loftus et al. In this study, they found nonsignifi-
cant increases in intranasal volumes in adults <40 years of
age.11 However, the importance of increased OC and nasal
volume as an etiological factor in rhinologic diseases still
remains unclear.5 When the results of our study were eval-
uated together with the current literature, we could specu-
late that age-related enlargement of the OC, together with
an increased rate of PIOL, might point to an etiological
relationship between OC volume and PIOL.

Of course, histological changes in aged olfactory epi-
thelium cannot be ignored, with a reduction in olfactory
receptor neuron number and cell proliferation with age
leading to a decrease in olfactory performance.15 How-
ever, the mean age of the PIOL and control groups of our
study was below 50 years, and this study suggested that
there was an association between increased OC volume
and PIOL, which could also be seen in younger people.

We also thought that a wider OC was a risk factor
for a variety of chemical and biological factors. This opin-
ion was supported by the findings of a CT study on wood-
workers with OC adenocarcinomas.16 In their study, the
OC of the affected side was wider than that of the oppo-
site side. It was well known that air pollutants, as well as
drugs, could reach the central nervous system via the
nose-to-brain pathway, bypassing the blood–brain bar-
rier.17,18 Many studies demonstrated that air pollutants,
especially particulate matter with a diameter of <2.5 μm,
could induce neurodegenerative diseases, including
Alzheimer’s disease, amyotrophic lateral sclerosis,
Parkinson’s disease, and Huntington’s disease.19–21 How-
ever, the potential role of anatomical features of the olfac-
tory region in the permeability of the nose-to-brain
pathway was poorly understood. However, our results
might provide evidence for nose-to-brain pathway.

As noted above, URIs are a common cause of olfac-
tory dysfunction (i.e., PIOL). Due to a lack of data on the
pathogenesis and prognosis of PIOL, there is no consen-
sus on the management for this disorder. In a previous
study, a more favorable prognosis was associated with a
longer follow-up duration and female sex.4 Clinical trials
of PIOL are needed to better understand the disorder.

CONCLUSION
In the present study, the depth of the olfactory fossa

was not significantly related to PIOL, and anatomical
variations of the olfactory fossa did not play any role in
the pathogenesis of PIOL. However, the increased OC
width and volume were associated with PIOL.

Fig. 5. Correlation between total olfactory cleft width and threshold
discrimination identification (TDI) Scores (Pearson correlation analy-
sis, r = −0.588, P = .00).
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