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Abstract

Background: Olfaction is critically important for a good quality of life and incorporated in many physiological
domains such as attention, emotion, memory, and airflow motor control. Olfactory researches have been expanded
in the last decade due to close relation between the olfactory disorders and different brain diseases. Diagnosis of
anosmia and hyposmia are based on history, smell tests, and physical examination which rely on the patient’s
response without an objective measure of impairment. This study assessed the value of volumetry and DTI
parameters as objective measurements for olfactory dysfunction.
Fourteen patients with chronic sinonasal polyposis for at least 6 months were included in this study; all of them
underwent tailored MRI examination including volumetry and DTI for olfactory bulbs and tracts. The results were
compared to the same number of age and sex-matched healthy control group.

Results: The study results showed that olfactory bulb and tract (OB/T) volume, FA and ADC could distinguish
between patients and healthy controls. Statistically significant differences were noticed between the FA & ADC
values of patient and control groups (p < 0.05) and a highly significant one was noticed as regarding the OT
volume (p < 0.001).

Conclusion: MR volumetry and DTI parameters can be used as objective measurements for the olfactory
dysfunction for patients with chronic sinonasal polyposis.

Background
Although olfaction is critically important for a good
quality of life, personal safety, and nutritional status, the
sense of smell is substantially underlooked [1]. The
prevalence of olfactory disorders is quite high in
population-based studies in which odor identification
has been assessed. In a Swedish study, 19% of the adult
population was found to have some kind of dysfunction
in the sense of olfaction [2]. Many factors influence the
normal ability to smell. In patients presenting in otorhi-
nolaryngological clinics, approximately 70% of all pa-
tients presenting with chronic hyposmia or anosmia

attribute that to sinonasal causes (of which, polyposis ac-
count for 14% to 30%) [3–6], 10% are due to post-
infectious inflammation of the mucosa, 1% have con-
genital anosmia, while the rest have a central cause for
their anosmia (i.e., trauma; tumors; toxicity; or psychi-
atric, neurodegenerative, or another neurologic etiology)
[7, 8]. Correct assessment of the cause of olfactory im-
pairment is important to determine which patients may
benefit from therapy. It helps in the counseling of pa-
tients [4, 9, 10]. Conservative therapy with corticoste-
roids as well as surgical therapy have been proven to be
effective in the treatment of sinonasal disease-related ol-
factory disorders but not non-sinonasal disease [11, 12].
Olfactory research has expanded rapidly over the last
two decades, owing to the close relationship between an-
osmia and brain disease. Hyposmia and anosmia were
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identified as a prodromal symptom of Parkinson’s dis-
ease (PD), as strong predictors of cognitive decline in
Alzheimer’s disease, and have been found to be closely
related to depression [13–18]. Clinicians diagnose anos-
mia through history, physical examination, and smell
tests [19] which depend entirely on patient responses.
The available smell identification test may enable us to
identify and diagnose olfactory dysfunction, but it does
delineate central from peripheral causes.
Recently, efforts have been made to use neuroimaging

of the olfactory tract and bulbs to refine the diagnosis of
olfactory dysfunction. The measurement of olfactory
bulb and tract (OB/T) by planimetric manual contouring
on magnetic resonance imaging (MRI) correlated well
with olfactory function [20, 21]. However, these thin
structures are difficult to measure with significant varia-
tions among healthy individuals rendering its efficiency
as a diagnostic tool limited [4, 5, 22].
Diffusion tensor imaging (DTI) is a non-invasive tech-

nique that is gaining popularity since it enables the de-
lineation of white matter tracts as well as their
connectivity of different brain areas [23]. It has been in-
tegrated in the evaluation of cranial nerves including the
olfactory nerve, which has been a matter of study in
both the normal and abnormal populations [24].
DTI studies of individuals with Parkinson’s disease re-

vealed a correlation between reduced fractional anisotropy
(FA) values in the olfactory bulb and anosmia [25, 26]. Re-
cently, several studies pointed out the capacity of DTI pa-
rameters of revealing brain tissue damage in early clinical
stages of neurodegenerative diseases [26–28].
To the best of our knowledge, this is the first work

that compares OB/T volume and DTI parameters in pa-
tients with sinonasal polyposis as opposed to healthy
controls.
The aim of this study was to evaluate the effect of ol-

factory deprivation caused by sinonasal polyposis on ol-
factory bulb volume and tract integrity.

Methods
This prospective study was carried out between January
2016 and July 2017. The study was approved by the in-
stitutional ethical committee and an informed consent
was taken from all participants.
Twenty-eight subjects were included in this study: 14

adult patients who had a history of chronic nasal ob-
struction for more than 6 months who were diagnosed
clinically with bilateral allergic sinonasal polyposis (pa-
tient group) and 14 healthy adults—matched for age and
sex—with no history of olfactory dysfunction or sinona-
sal problems (control group). Patients who underwent
biopsy or surgery; were previously treated; and have
sinonasal neoplastic lesions, neurological disorders, or

diabetes were excluded. All participants had MRI with
DTI.

MR image acquisition
The study was performed on A 1.5-T MR unit (Gyro-
scan Achieva; Philips Medical Systems, The
Netherlands). A tailored protocol was performed by
selecting sequences from routine MR of PNS protocol
including axial and coronal T2 STIR with 3-mm slice
thickness, small field of view (FOV) that extends from
the nasal tip to the brainstem (coronal plane) and from
the superior border of the frontal sinus to the lower lip
(axial plane). Three-dimensional DRIVE was added in
coronal plane with slice thickness 0.8 mm, repetition
time (TR) 12–15 s. echo time (TE) 6–7 s. matrix 384 ×
320, and NEX 1 for accurate localization of the olfactory
nerve (Figs. 1b, 2a and 3a).
DT imaging data were acquired by using a single-shot

echoplanar imaging sequence with the sensitivity encod-
ing or SENSE, parallel-imaging scheme (reduction factor,
2). The imaging matrix was 128 × 128, with an FOV of
220 × 220 mm. Transverse sections of 2.75-mm thick-
ness acquired parallel to the anterior commissural–pos-
terior commissural line was taken to cover the entire
hemisphere and brainstem without gaps. Diffusion
weighting was encoded along 12 independent orienta-
tions, with b value of 1000 mm2/s. Other imaging pa-
rameters were as follows: TE = 70 ms, TR = 6599–8280
ms, and number of acquisitions = 2. Co-registered
magnetization-prepared rapid gradient-echo (MPRAGE)
images of the same resolution were recorded for ana-
tomic guidance. The total imaging time for DTI was 7–9
min according to the section numbers, which was added
to the routine MR imaging examinations.

Data processing
DTI
We transferred the diffusion tensor imaging data to an
offline workstation (extended workspace “EWS”; Release
2.5.3.0; Dell, Round Rock, Tx); Pride software (Philips
Medical Systems).
FA and apparent diffusion coefficient (ADC) were

taken by using a multiple region-of-interest (ROI) ap-
proach, where our ROI was the olfactory bulbs and tract
on either side from the point of appearance superior to
the nasal mucosa, moving posteriorly till they are last vi-
sualized (Fig. 3c).

Volumetry
Volumetric measurements were performed using manual
segmentation of the coronal slices through the OB/T
along their course on both sides separately using 3D T1/
DRIVE sequences (Figs. 1c and 3b).
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Statistical methods
Data were analyzed using Stata® version 14.2 (Stata Corp
LLC, College Station, TX, USA). Normality of numerical
data distribution was examined using the Shapiro-Wilk
test. Non-normally distributed numerical data were pre-
sented as median and interquartile range and intergroup
differences were compared using the Wilcoxon rank
sum test. Correlations were tested using the Spearman
rank correlation. Receiver-operating characteristic
(ROC) curve analysis was used to examine the diagnostic
value of volumetry, FA, or ADC. The DeLong method
was used to compare the areas under different ROC
curve (AUC). p value < 0.05 was considered statistically
significant.

Results
Fourteen patients were included in this study. Their age
ranged from 27 to 45 years (median 34). There were 10
males (71.4%) and 4 females (28.6%); 11 patients (78.6%)
were anosmic and 3 patients (21.4%) were hyposmic.
The control group consisted of 14 healthy volunteers.
There were 10 men (71.4%) and 4 women (28.6%), with
an age range of 23 to 47 years (median 33).
Using the ROC curve analysis, OB/T volume, FA, and

ADC, with values of ≤ 0.054 cm3, ≤ 0.357, and ≥ 1.417
(× 10-3 mm2/s), respectively, were found to be a

plausible cutoff point for discrimination between cases
and controls (Table 1).
In the patient group, OB/T volume measurements in

both sides ranged from 0.0235 to 0.05025 cm3 (median
0.039 cm3). The FA value ranged from 0.27425 to 0.423
(median 0.3495), while ADC value (× 10-3 mm2/s)
ranged from 0.98725 to 1.63 (median 1.0414).
In the control group, OB/T volume measurements in

both sides ranged from 0.09325 to 0.25125 cm3 (median
0.16 cm3). The FA value ranged from 0.35775 to 0.40225
(median 0.3865), while ADC value (× 10-3 mm2/s)
ranged from 0.86925 to 1.299 (median 1.0595; Table 2).
The difference in OB/T volume between patient and

control groups was highly statistically significant (p <
0.001), where the patient group had significantly smaller
volumes than the control group (Fig. 4). Also, there were
statistically significant differences in FA and ADC values
between patients and control group (p values = 0.2144
and 0.00438, respectively).

Discussion
The sense of smell directs the intake of airborne agents
into the human respiratory system and determines the
flavor and palatableness of foods and beverages. Olfac-
tion enhances the quality of life and yet olfactory disor-
ders are neglected by the medical community [29].

Fig. 1 Bilateral sinonasal polyposis with hyposmia. a Coronal T2 fat suppression sequence displaying bilateral ethmoidal polyposis and frontal
sinus secretion obstruction. b 3D DRIVE sequence demonstrates smaller right OB (blue arrow) as compared to normal appearing left OB (red
arrow) confirmed by (c) 3D T1WI volumetry; ROI was inserted on right bulb (blue) and left bulb (red). d Tractography for OT. The right tract has
lower FA and higher ADC as compared to the normal left tract
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Many studies showed a statistically significant discrep-
ancy in the OB volume between patients with bilateral
sinonasal polyposis and healthy controls, in keeping with
the findings revealed in experimental studies on animals,

Fig. 2 Bilateral sinonasal polyposis with hyposmia. 3D DRIVE (a) for
accurate localization of the OB (circle). MR volumetry (not shown)
revealed largest left OB. MR tractography (b) revealed higher FA and
lower ADC values for left tract (blue tract) keeping with more
compact fibers. The parameters of the two tracts are still beyond the
author’s cutoff value

Fig. 3 OB/T in a normal volunteer. Arrows in 3D DRIVE (a), 3D T1WI
volumetry (b), and MR tractography (c)
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in which decreased inputs from the olfactory epithelium
resulted in reduction of OB/T volume [30–33].
DTI is a non-invasive imaging technique that analyzes

the diffusion of water molecules within the tissues. The
size, arrangement, and myelination of the axons of the
white matter of the brain influence the diffusion of water
molecules within them. Fractional anisotropy (FA) re-
flects the diffusion in various directions while ADC re-
flects the whole diffusion of water molecules, so an
intact white matter tract has higher FA and lower ADC
values than a structurally disturbed one (Fig. 1b) [34].
In this study, we integrate 3D DRIVE sequences and

DTI to evaluate the effect of olfactory deprivation caused
by sinonasal polyposis on OB/T volume and integrity.
In many studies, age proved to be the strongest correl-

ate of smell disorder in healthy persons, having a larger
impact than cigarette smoking. Although marked indi-
vidual differences are present, age-related smell disorder
is more severe in men than women [10, 19, 29]. We
could not find a correlation between age, sex, and smok-
ing with OB/T volume, FA, and ADC values in our
study. This may be attributed to the small sample of pa-
tients, small number of female patients, and small num-
bers of smokers in the study. Future studies with large
representative samples are required to further study the
effect of these factors.
We did not perform olfactory tests in this study be-

cause our patients had nasal obstruction which led to
decreased delivery of particles to the olfactory area.
Also, we tried to omit the subjective factors in the
study.
In our study, the difference in OB/T volume between

patient and control groups was highly statistically signifi-
cant (p < 0.001). This was in accordance with Islam

et al. [4] who reported that there is a significant reduc-
tion in OB volume in patients with bilateral sinonasal
polyposis when compared with healthy controls. This re-
sult supports the findings in experimental animals, in
which decreased inputs from the olfactory epithelium
lead to reduction of OB volume [17, 30]. Also, Veyseller
et al. [33] reported that diminished OB volume in total
laryngectomy patients may be due to the inability to sniff
normally, the lack of naso-pulmonary airflow, and com-
plex neural interruptions caused by surgical denervation
of the larynx.
Rombaux et al. [35] found that patients with post-

traumatic or post-infectious olfactory loss have smaller
OB volume which correlates with poorer recovery of ol-
factory function. Hence, OB/T volume reduction may
not only impair the sense of smell in sinonasal polyposis
patients but may also be responsible of hindering olfac-
tory recovery post operatively. On the other hand, Gud-
ziol et al. [36] reported that the OT volume in patients
with chronic rhinosinusitis had increased significantly
after 3 months of medical treatment.
Another study found a positive correlation between ol-

factory deficit and the reduction in OT volume both in
patients with Parkinson’s disease (PD) and controls [37]
which is contrary to what Hummel et al., Huissman
et al., and Wattendorf et al. [38–40] concluded in their
study where little or no difference was found between
PD patients with anosmia/hyposmia and healthy con-
trols in terms of OT volume.
Similarly, there were statistically significant differences

in FA and ADC values between patients with sinonasal
polyps and control group (p values 0.2114 and 0.00438,
respectively). Also, by using cutoff criterion ≤ 0.05 cm3,
≤ 0.35, and ≥ 1.417 (× 10-3 mm2/s) for OB/T volume,

Table 1 Receiver-operating characteristic (ROC) curve analysis for discrimination between cases and controls using the olfactory
bulb volume, FA value, or ADC value

ROC parameters

AUC p value J index Cutoff criterion Sensitivity
(%)

Specificity
(%)Value 95% C

OB/T volumetry 0.891† 0.779–0.958 <.0001 0.75 ≤ 0.054 cm3 78.6 96.4

FA value 0.683 0.545–0.801 0.0124 0.3929 ≤ 0.357 57.1 82.1

ADC value 0.708 0.571–0.822 0.0039 0.429 ≥ 1.417 (× 10-3 mm2/s) 46.4 96.4

Versus AUC = 0.5 (DeLong method)
AUC area under the ROC curve
†Statistically significant difference versus FA value (p value = 0.0008) and ADC value (p value = 0.0131; DeLong method)

Table 2 OB/T volume, FA value, and ADC value in cases and controls

Variable Cases Controls p value

Olfactory bulb volume (cm3) 0.039 (0.0235–0.05025) 0.16 (0.09325–0.25125) < 0.001

FA value 0.3495 (0.27425–0.423) 0.3865 (0.35775–0.40225) 0.02144

ADC value (× 10-3 mm2/s) 1.414 (0.98725–1.63) 1.0595 (0.86925–1.299) 0.00438

Data are medians (interquartile range). Wilcoxon rank sum test.
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FA, and ADC values, respectively, discrimination be-
tween cases and controls could be obtained.
There were several studies that pointed out the cap-

ability of the analysis of the ADC and FA computed
from DTI to reveal brain tissue damage in early clinical
stages of neurodegenerative diseases, particularly PD.
These studies found that PD patients could be com-
pletely differentiated from the control group based on
reduced FA values [26, 40, 41].
Previous studies suggested that head trauma is the

most common cause of olfactory dysfunction, account-
ing for approximately 17% of all cases. Complete anos-
mia occurs in 5–10% of all head traumas, while an
element of olfactory dysfunction in 20–44% of mild trau-
matic brain injury (TBIs) and 49–56% of moderate to se-
vere TBIs. Of these cases, only 30–40% achieve partial
recovery. DTI was used to furnish physical evidence of
post-traumatic anosmia. It revealed dis-integrity of olfac-
tory tracts [42–44].
The clinical value of imaging in patients with olfactory

dysfunction has been controversial. Busaba [45] con-
cluded that imaging was not needed in a patient with
isolated olfactory dysfunction if clinical examination was
normal. Mueller et al. [10], however, concluded that
computed tomography (CT) scans are useful to diagnose
conductive/inflammatory olfactory dysfunction in pa-
tients suspected of non-sinonasal disease. Imaging stud-
ies of the brain and paranasal sinuses are often obtained
to determine the site and nature of the underlying path-
ology. Sinonasal CT is the technique of choice for the
study of sinonasal structures [46].
Our study was the first to address the use of DTI as an

objective measure of olfactory dysfunction in patients with
nasal polyps. In the absence of obvious physical derange-
ment, the diagnosis of olfactory dysfunction relied upon
the patients’ subjective reports. DTI can differentiate

hyposmic/anosmic patients from controls and has shown
to be useful in the evaluation of the central causes of an
olfactory dysfunction.
The potential of this methodology thrilled the DTI

community; however, it is critical to note that there is
no established gold standard to assess the measurement
limits and errors in DTI to confirm that the DTI inter-
pretation is correct. So, introduction of several innova-
tive readout strategies will provide better quality of DTI
images and results.
There are few limitations in performing DTI of the ol-

factory region that need to be kept in mind such as sus-
ceptibility artifacts, which result from air spaces within
sinonasal spaces or dental fillings with metallic materials.
Due to the small number of patients, larger studies in
different centers are required to confirm the results.
Quantitative olfactory tests are recommended to study
the correlation between subjective olfactory derange-
ment and objective quantitative measurements. Also,
study of the OB/T volumes and DTI parameters in pa-
tients with chronic sinonasal polyposis who underwent
surgery to correlate between the subsequent expected
increase in volume and recovery of olfactory tract integ-
rity would be interesting to study.
OB/T volumetry and DTI (FA and ADC) could be

used as objective measurements to evaluate olfactory
dysfunction in patients with sinonasal polyposis.

Conclusions
In this study, we conclude the following:

� Patients with sinonasal polyposis have a high
prevalence of olfactory disorders.

� DTI parameters could be used as an objective
method to evaluate olfactory tract integrity in
patients with sinonasal polyposis.

� Decreased olfactory bulb and tract volume is
significantly correlated with decreased olfactory
sensitivity.
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