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Background: The aim of this study was to determine the normal reference values 
for olfactory sulcus depth, olfactory tract length and olfactory bulb volume in 
the paediatric population with routine magnetic resonance imaging (MRI) and 
determine the relationship, if any, between these values and patient sex and age.
Materials and methods: Ninety patients with a median age of 8 years (age range: 
3–17 years), consisting of 45 males and 45 females with normal brain MRI scans 
were evaluated. The patients were divided into three subgroups based on age 
range, with n = 30 per subgroup; group 1: young children (3–6 years), group 2:  
children (7–11 years) and group 3: adolescents (12–17 years). In the cranial MRI 
examination of all groups, the right, left and total olfactory bulb volume values 
were measured in mm3, the right and left olfactory tract length values and the 
right and left olfactory sulcus depth values were calculated manually in mm. 
Demographic data including sex and age were recorded.
Results: There was no significant difference between the age groups in terms of 
sex. Right-left olfactory sulcus depth; right-left olfactory tract length and right-left 
total olfactory bulb volume values increased significantly when they are compared 
in terms of age groups (p < 0.0001, = 0.028; < 0.0001, < 0.0001; < 0.0001, 
< 0.0001; < 0.0001, respectively). There was no significant difference between 
right and left olfactory tract length and olfactory bulb volumes in all groups  
(p = 0.792 and p = 0.478), but the right olfactory sulcus depth was significantly 
larger than the left (p = 0.003).
Conclusions: Especially as the age progresses, olfactory tract length and olfactory 
bulb volume dimensions of olfactory nerve and olfactory sulcus depth should be 
checked during diagnosis of respective illnesses in paediatric population. (Folia 
Morphol 2021; 80, 1: 33–39)

Key words: olfactory sulcus depth, olfactory bulb volume, olfactory tract 
length, magnetic resonance imaging

https://orcid.org/0000-0001-6920-4317
https://orcid.org/0000-0002-9281-652X
https://orcid.org/0000-0002-5996-2090
https://orcid.org/0000-0001-7808-0176
https://orcid.org/0000-0002-5882-9300
https://orcid.org/0000-0003-2136-3604


34

Folia Morphol., 2021, Vol. 80, No. 1

INTRODUCTION
The literature shows that disorders of the olfacto-

ry system may be related to many diseases, such as 
sinonasal disease [14], allergic rhinitis [19], infections 
[15], trauma [15], epilepsy [8], Behcet’s disease [6], 
migraine [2], idiopathic olfactory loss [15] or disrup-
tions such as gastric excretion in the context of normal 
digestive physiology [6]. Therefore, determining the 
anatomical features of olfactory nerve can be very 
important as it has clinical relevance in the diagnostic 
process for a clinician. 

In this context, the dimensions of olfactory sulcus 
depth (OSd), olfactory tract length (OTl) and olfactory 
bulb volume (OBv) can be evaluated radiologically. It 
has been shown in previous studies that magnetic res-
onance imaging (MRI) is a reliable method to perform 
measurements of the olfactory system [10, 11]. The 
olfactory system was first defined on MRI by Suzuki 
et al. [16]. Later, in 1998, the standard OBv measure-
ment method on MRI was developed by Yousem et al. 
[18]. It is not always possible to visualise OT on MRI 
[12, 16]. The measurement of OTl by using MRI was 
first performed in a 1989 study [16]. The illustration 
of olfactory structural elements is shown in Figure 1.

In the literature, studies on the structures con-
stituting the olfactory system are mostly focused on 
the adult population, while radiological studies on 
the paediatric population are limited. To the extent 
of our knowledge, there is not any study presenting 
OBv, OSd, and OTl dimensions in paediatric popula-
tion extant in the literature. Therefore, this study was 
planned to determine the normal reference values of 
these structures by measuring OBv, OSd, and OTl from 
MRI studies in a healthy paediatric population and to 
present the findings to the literature.

MATERIALS AND METHODS
Sample size calculation

G*Power statistical package was used to deter-
mine the exact number of cases to be used for anal-
ysis. The parameters were determined as follows: 
effect size = 0.4, type I error = 0.05, power = 0.80, 
df = 6. The total n number was determined as 92. 

Subjects

Two hundred eighty-six MRI images were exam-
ined at baseline in the present study. One hundred 
thirty-three images were excluded as they did not 
meet the inclusion criteria, and 63 images were ex-
cluded due to artefacts (Fig. 2). Finally, 90 patients 

with MRI images meeting inclusion criteria for normal 
brain MRI taken from January 2016 to December 2018 
were analysed. Patients were considered normal if 
they had no history of brain trauma, MRI evaluation 
did not demonstrate sinonasal or brain disease, had 
no upper respiratory tract infection symptoms; there 
was no drug use and no environmental exposure that 
may cause loss of smell. Ethics committee approval 
was obtained from Adiyaman University Non-Inter-
ventional Clinical Research Ethics Board with the num-
ber of 2019/1-11. All procedures of this retrospective 
study were applied according to the principles of the 
Declaration of Helsinki. “Informed consent” was not 
obtained from parents as the study was retrospective. 
Patients included in the study were presented anon-
ymously. The images were obtained retrospectively 

Figure 1. Anatomical radiological image of coronal plane (magnetic 
resonance imaging). Medial orbital gyrus (red area), gyrus rectus 
(green area), olfactory sulcus (blue area) and olfactory bulb (brown 
area) are shown in the illustration side.

Figure 2. Consort flow diagram.
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from the archives of the Adiyaman University Faculty 
of Medicine Department of Radiology.

The clinical evaluation of all subjects included as-
certainment of personal and family history as well 
as physical and neurological examination in order to 
exclude any possible cause of smell dysfunction. Pa-
tients with normal reports for non-enhanced brain MRI 
were included in the study. Patients with pathologic 
MRI findings like hydrocephalus, tumour, white matter 
abnormalities, haemorrhage, infarcts, atrophy and 
cortical dysplasia that have been treated in hospital 
were excluded. Metabolic, endocrine, neurological and 
psychiatric diseases were not included in the study.

Following admission, patients were divided into 
three groups according to age range as follows: group 1:  
young children (3–6 years), group 2: children (7–11 
years) and group 3: adolescents (12–17 years).

MRI protocol

A single radiologist with more than 10 years’ 
experience re-evaluated MRI images. The operator 
was blinded throughout the procedure until rando-
misation, in order to avoid possible influence in the 
measurement process. The MRIs were performed 
using a 1.5 T system (Achieva; Philips Medical Sys-
tems, Best, Netherlands) using a head coil. Contrast 
material was not utilised. These images were used for 
volumetric and morphologic measurements. Coronal 
images, balanced fast-field echo three-dimensional 
(3D) T2 weighted images (TR: 6.5 ms; TE: 3.4 ms; 
field of view [FOV] 180 × 180 mm; number of signal 
acquisitions [NSA] = 2; slice thickness = 1 mm; slice 
gap = 0.5 mm; number of slices = 75; matrix = 308 ×  
× 308 mm), sagittal images 3D T1 turbo field echo 
weighted images (TR: 8.2 ms; TE: 4.0 ms; FOV: 140 ×  
× 156 mm; NSA = 4; thickness = 1.2 mm; slice gap =  
= 0.5 mm; number of slices = 40; matrix = 252 × 
× 278 mm) were obtained.

Image analysis 

Bilateral OSd, OBv and OTl were measured in all 
patients. The olfactory bulb was observed as a hypoin-
tense ovoid structure surrounded by hyperintense cer-
ebrospinal fluid in T2-weighted series. Sections were 
obtained at a right angle to the cribriform plate. The 
volume measurements were obtained semi-automat-
ically using multiplanar reconstructions in a View 3D 
workstation and manual segmentation based on the 
contour stack principle. OBv was calculated in mm3 
(Figs. 3, 4). OSd was evaluated in coronal T2 weight-

ed series. A virtual tangent line was drawn from the 
lower end of the medial orbital gyrus, connecting to 
the lower end of the gyrus rectus in the posterior sec-
tions of both eyeballs. This virtual tangential line that 

Figure 3. A coronal T2-weighted image showing the right and left 
olfactory bulb as a hypointense ovoid structure (blue arrows). Hy-
perintense area (red arrows) (olfactory sulcus) is shown between 
the medial orbital gyrus (white star) and gyrus rectus (blue star). 
The virtual line that connects the medial orbital gyrus to gyrus  
rectus is shown with orange line.

Figure 4. Semi-automatic measurement of the olfactory bulb 
volume using manual segmentation and multiplanar reformations 
in the three-dimensional workstation. The olfactory bulb is shown 
in blue on both sides and the volumes are given in mm3. Olfactory 
sulcus are shown as red lines and the measurements are  
given in mm.
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passes from the deepest part of the olfactory sulcus 
was connected by free drawing in the cranio-caudal 
plane to calculate the depth of the OS and recorded 
in millimetres (Fig. 4). All the measurements were 
performed by an individual who was blinded to the 
patient diagnoses. OTl was measured from the area 
where the nerve tracing was best visualized on the 3D  
T1-weighted sagittal images and recorded in mm (Fig. 5).  
The illustration of olfactory structural elements was 
performed with the Procreate application (Fig. 1).

Statistical analysis

SPSS Statistics v. 21.0 (IBM Corp. Released 2012. 
IBM SPSS Statistics for Windows, Version 21.0. Ar-
monk, NY) software was used for statistical analysis. 
Categorical data were expressed as number and per-
centage; nonparametric numeric data were expressed 
as median, minimum and maximum while parametric 
numeric data were expressed as mean and standard 

deviation. The Shapiro-Wilk test was used to evaluate 
the distribution of numerical data. The Mann-Whitney 
U was used to evaluate the relationship between sex 
and OSd and OTl, while Student’s t-test was used to 
evaluate the relationship between sex and OBv. The 
Kruskal-Wallis test was used to assess the relationship 
between OSd and OTl in the age groups, and pairwise 
comparison was used to assess the group that causes 
the difference in statistically significant patients. The 
relationship between age groups and OBv was ana-
lysed by the ANOVA test and the Bonferroni test was 
used to evaluate the pairwise comparisons between 
the groups.

RESULTS
A total of 90 patients aged between 3 and 17 

years (median: 8 years) were included in the study. 
Forty-five (50%) of the patients were female and 
45 (50%) were male. When compared according to 
age, the right and left OSd and OTl values increased 
significantly as the mean age increased (p < 0.0001, 
p = 0.028 and p < 0.0001, p < 0.0001, respectively). 
Right, left and total OBv values increased significantly 
as the mean age of the group increases. (p < 0.0001, 
p < 0.0001, p < 0.0001). The OSd, OBv and OTl data 
according to the age group are summarised in Table 1.

No statistically significant relationship was found 
between OSd, OTl and OBv values in terms of sex 
(Table 2).

There was no significant relationship between 
right and left OTl and OBv values when all age groups 
were included and compared pairwise; while right 
OSd was found to be significantly increased compared 
to left (p = 0.003).

The group that causes the difference was assessed 
based on pairwise comparisons between the age 
groups. When the first and third groups were com-

Figure 5. A sagittal T1-weighted image showing the boundaries of 
the right olfactory tract (white arrows). The mid-portion of the tract 
is indicated by a star. 

Table 1. Olfactory sulcus depth (OSd), olfactory tract length (OTl) and olfactory bulb volume (OBv) values according to age groups (n = 90)

Right OSd [mm] Left OSd [mm] Right OTl [mm] Left OTl [mm] Right OBv [mm3] Left OBv [mm3] Total OBv [mm3]

All groups 8.85
(6–13.6)

8.8
(1.8–16)

23.95
(16.6–39.8)

23.4
(16–39.2)

66.15
(32.7–99.6)

66.2
(31.8–98.3)

133.55
(70–197.9)

Group I
(3–6 years) 

8.45
(6.9–10.8)

8.25
(5.1–10.8)

20.4
(16.6–28.3)

20.85
(16–25)

54.7
(33–77)

49.3
(31.8–88.8)

99.75
(70–152.8)

Group II
(7–11 years) 

8.8
(6–11.3)

8.3
(5.5–11)

24.3
(18.3–28.7)

25.8
(16.7–39.2)

66.45
(32.7–84)

66.05
(37.8–88)

131.65
(77.1–170)

Group III
(12–17 years) 

10.3
(7.5–13.6)

9
(1.8–16)

25.9
(18.7–39.8)

24.45
(19.7–34.6)

78.05
(38.3–99.6)

78.35
(44.9–98.3)

157.6
(83.2–197.9)

p < 0.0001* 0.028* < 0.0001* < 0.0001* < 0.0001** < 0.0001** < 0.0001**

*Kruskal–Wallis test; **ANOVA test; data are shown as mean (minimum–maximum)
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pared, a statistically significant difference was observed 
in all values increasing with age. Pairwise comparisons 
between age groups are presented in Table 3.

Correlation analysis revealed a positive correlation 
between age and all measurements. Correlation scat-
ter plots are shown in Figure 6.

DISCUSSION
The evaluation of the olfactory system using MRI 

has previously been performed in the presence of 
many diseases, but most studies to date have focused 
on the adult population [4]. In a study including 
healthy individuals aged between 19–76 years as-
sessing standard OBv values, the mean value for right 
OBv was found to be 41–97 mm3, while the mean 
value for left OBv was found to be 37–98 mm3 [4]. 
Buschhuter et al. [4] also emphasized that, the OBv 
values of males were larger compared to females 
and the mean decrease with age was equal in both 
sexes. In the present study, OBv values did not show  
a significant difference in terms of sex. Rombaux et al. 
[13] reported the minimum OBv value was 58 mm3 for 
individuals under 45 years. It was stated that it should 
be 46 mm3 for over 45 years of age. Yousem et al. [18]  

stated that OBv value increased up to 4th decade and 
decreased with increasing age. Although present 
study included paediatric age groups, it was found 
that OBv values increased with age and the results are 
in parallel with the current literature. Suzuki et al. [16] 
found that the mean length of the OT was found to 
be 25 mm. They reported that MRI is an appropriate 
method for imaging the OT, but it was difficult to 
evaluate this structure in axial sections [16]. In the 
present study, OTl measurements were performed on 
sagittal sections. The current measurement method 
can be easily applied by physicians in clinical practice, 
and assessment only takes a short time. 

There may be differences between right and left 
OBv values in humans. Therefore, measurements are 
made bilaterally [17]. Since OBv is a volumetric value, 
the total OBv value is calculated as the sum of right 
and left OBv [5]. In our study, a similar method was 
used: right, left and total OBv values were calculated 
separately. In a different study, the right OSd was found 
to be deeper than the left [9]. In addition, some clinical, 
electrophysiological and neuroimaging studies have 
emphasized that the right hemisphere has a greater 
role in the sense of smell than the left hemisphere [9]. 
The difference between olfactory structural elements 
found in these studies may be due to the right hemi-
sphere dominance in the olfactory sense. In our study, 
no significant difference was found between the right 
and left sides in terms of OBv and OTl values, but the 
right OSd was significantly deeper than the left. This 
result can be explained by the fact that the cerebral 
cortex (medial orbital gyrus and gyrus rectus) forming 
the olfactory sulcus is more dominant on the right.

In the literature, we did not find any other study in 
which normal values of these structures were present-
ed by MRI imaging of olfactory structural elements in 
a healthy paediatric population. In our study, OBv, OSd 
and OTl values increased significantly with age. This 
result reflects the neurodevelopmental integrity of all 

Table 2. Olfactory sulcus depth (OSd), olfactory tract length 
(OTl) and olfactory bulb volume (OBv) values according to sex 
(n = 90)

Male Female P

Right OSd [mm] 8.8 (6–12.2) 8.8 (6.4–13.6) 0.381*

Left OSd [mm] 8.8 (1.8–10.8) 8.7 (5.6–16) 0.984*

Right OTl [mm] 24 (17.6–39.8) 23.7 (16.6–28.7) 0.103*

Left OTl [mm] 23 (16–39.2) 23.6 (16.8–29.8) 0.904*

Right OBv [mm3] 64 (32.7–94.5) 67.1 (33–99.6) 0.656**

Left OBv [mm3] 65.3 (33.8–90.1) 72 (31.8–98.3) 0.154**

Total OBv [mm3] 128 (77.1–184.6) 136 (77.1–184.6) 0.324**

*Mann–Whitney U Test; **Student’s T-test; data are shown as mean (minimum–ma-
ximum)

Table 3. Comparison of age groups with olfactory sulcus depth (OSd), olfactory tract length (OTl) and olfactory bulb volume (OBv)  
(p values)

Right OSd* Left OSd* Right OTl* Left OTl* Right OBv** Left OBv** Total OBv**

Group I/Group II
(3–6 y/7–11 y)

1 1 0.003 < 0.0001 0.41 0.002 0.005

Group I/Group III
(3–6 y/12–17 y)

< 0.0001 0.031 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Group II/Group III
(7–11 y/12–17 y)

0.012 0.152 0.623 1 0.002 0.014 0.002

*Pairwise comparison (Kruskal Wallis test); **Post-hoc analysis (Bonferroni correction); y — years
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three structures in the paediatric population. In one 
study, patients with OSd below 4 mm did not develop 
bilateral olfactory bulbs and olfactory tract aplasia [1]. 
This result also supports neurodevelopmental integrity 
between these structures. The olfactory sulcus is an 
anatomical structure formed by the maturation of the 

medial orbital gyri and gyrus rectus, so the structural 
elements that make up the olfactory system are not 
only part of a pure sensory component but can also 
be a neuroanatomic indicator of cortical function.

OBv and OSd measurements have been used to 
structurally evaluate the effect of olfactory system 

Figure 6. Scatter plots showing the correlation between age and olfactory tract length (OTl), olfactory sulcus depth (OSd), and olfactory bulb 
volume (OBv).
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in many patients such as isolated congenital anos-
mia, chronic sinusitis related olfactory dysfunction, 
post-traumatic, post-infective olfactory dysfunction, 
epilepsy, migraine, multiple sclerosis, and chemother-
apy-related conditions in children [7, 8, 19]. Studies 
have shown that olfactory structural elements are 
affected in many of the aforementioned diseases. 
Most of the diseases and conditions mentioned above 
are also common in paediatric patients.

Olfactory maturation can give information about 
cerebral maturation. Hypoplasia and aplasia can be 
seen in olfactory structures in some diseases such as 
Kallman syndrome, CHARGE (coloboma, heart de-
fects, choanal atresia, retarded growth and develop-
ment, genital hypoplasia, ear abnormalities, and/or 
hearing loss defect) syndrome, and cranio-telence-
phalic dysplasia [3, 12]. The olfactory system may be 
affected by certain diseases such as hypoxic ischae-
mic encephalopathy, cerebral palsy, some paediatric 
endocrine and metabolic diseases, and kernicterus. 
In these diseases, reference values will be needed 
to evaluate the olfactory system. We hope that our 
study will contribute to the literature on this matter.

Limitations of the study

There are some limitations in this study. Olfactory 
function could not be assessed because of retro-
spective design. Information about the health of 
the patients was obtained only from the records. 
The number of patients in the groups was small in 
our study. A limitation of this study is the difference 
between determined and recruited n number of the 
cases. The total n number was determined as 92 but 
only 90 patients were able to access the data. Meas-
urements were performed by a single radiologist and 
reliability between measurements was not assessed.

CONCLUSIONS
In conclusion, the present study gives reference 

values in terms of age-related normal values in chil-
dren. These normative data can help to evaluate the 
olfactory sulcus depth, olfactory tract length and 
olfactory bulb volume in many diseases in children.
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