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ORIGINAL
RESEARCH

The Depth of the Olfactory Sulcus Is an Indicator
of Congenital Anosmia

C. Huart
T. Meusel
J. Gerber
T. Duprez

P. Rombaux
T. Hummel

BACKGROUND AND PURPOSE: In congenital anosmia, the OB and OT can be aplastic or hypoplastic. In
clinical routine, these are sometimes difficult to assess. We thus wanted to investigate morphologic
differences of the OS in patients with IA since birth or early childhood in comparison with controls, to
investigate whether there is a depth of OS that is predictive of IA.

MATERIALS AND METHODS: Within the context of a 2-center study, we investigated 36 patients with
IA in comparison with 70 controls. MR imaging was performed with a standard quadrature head coil
(1.5T; T1- and T2-weighted spin-echo sequences were used on the coronal plane). We assessed the
depth of OS in the PPTE.

RESULTS: Looking at the depth of the OS in the PPTE, we found that patients with IA had a
significantly smaller OS compared with controls (P � .001). None of the healthy controls exhibited a
depth of �8 mm. In patients with IA, 10 had an OS deeper than 8 mm, while 26 had an OS smaller
than 8 mm. Thus, a depth of the OS less than 8 mm clearly indicates IA, with a specificity of 1 and a
sensitivity of 0.72.

CONCLUSIONS: In IA, the depth of the OS in the PPTE is a useful clinical indicator. Indeed, if it is �8
mm, it clearly indicates IA, with a specificity of 1.

ABBREVIATIONS: ANOVA � analysis of variance; FSE � fast spin-echo; IA � isolated anosmia;
OB � olfactory bulb; OS � olfactory sulcus; OT � olfactory tract; PPTE � plane of the posterior
tangent through the eyeballs; SEM � standard error of the mean

Anosmia since birth or early childhood is a condition that
can be divided into anosmias associated with chromo-

somal disorders (eg, Kallmann syndrome1 and Klinefelter syn-
drome2,3) or anosmias without evidence of other defects (IA
since birth or early childhood, termed “IA” throughout this
article). While the underlying pathophysiology is relatively
well-investigated in Kallmann syndrome,4,5 IA has received far
less attention, though from the literature and our own clinical
experience, IA appears to be more frequent than Kallmann
syndrome.6-9

MR imaging is the technique of choice for the evaluation of
the olfactory apparatus (OB, OT, and OS) in cases of suspected
congenital anosmia.

In IA and in Kallmann syndrome, we know from the liter-
ature that the OB and OT can be aplastic, hypoplastic, or pos-
sibly even normoplastic.10-12 The length and depth of the OS
in IA have been studied by Abolmaali et al.13 This study com-
pared frontobasal structures of patients with IA and those of
control subjects. It pointed out that the depth of the OS at the
level of the PPTE reflects the presence of OBs and OTs and that
there was a significant difference between the depth of the OS
of controls and patients. However, measurements were not
significantly different when the maximum values of the depth
of the OS or its length were taken into consideration.

This finding is of major clinical value because the OBs and

OTs are often difficult to measure in daily routine, whereas the
depth of the OS in the PPTE can easily be performed in axial
and coronal planes by using standard techniques.13 Thus, this
finding can be considered a relevant tool in the evaluation of
IA.

The intention of the present study was to reinvestigate dif-
ferences between the OS in patients with IA and controls; we
took advantage of the fact that a larger group of subjects was
available in 2 centers. Indeed, the sample of patients in the
study of Abolmaali et al13 was relatively small (16 patients and
8 controls). In addition, in our clinical practice, we sometimes
think that the proposed difference of an 8-mm OS depth in the
PPTE between osmic and anosmic patients does not always
discriminate between the 2 populations. Thus, in the present
study, we wanted to reinvestigate the sensitivity and specificity
of the measurement of the depth of the OS in the PPTE in a
larger group of subjects, to see if there is a depth of OS that is
predictive of IA.

Materials and Methods

Participants
A total of 106 subjects participated in the study (mean age, 36.5 years;

range, 7–79 years; 60 females, 46 males). They were referred to the

Department of Otorhinolaryngology at the University of Dresden and

the University of Louvain by other departments of these Universities

(eg, Pediatrics and Neurology), or they presented themselves to the

smell dysfunction clinic of the respective Departments of Otorhino-

laryngology. All subjects were in good health with no signs or symp-

toms except for anosmia, and on careful questioning, none of these

patients could remember any odorous sensations apart from intrana-

sal ones mediated by the trigeminal nerves.14-16 None had any major

cranial malformation as verified by T1- and T2-weighted sequences of

the whole brain. Anosmia or normosmia, respectively, was ascer-
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tained psychophysically by using “Sniffin Sticks” (Burgher-Messtech-

nik, Wedel, Germany).17,18 In addition to psychophysical testing,

most subjects with anosmia—whenever deemed necessary—also re-

ceived electrophysiologic testing by using chemosensory event�re-

lated potentials19; none of the tested patients with IA had electro-

physiologic responses to olfactory stimuli.

We were able to perform MR imaging in 36 patients with IA (24

females, 12 males; age range, 7–79 years; mean age, 38 years). The

results were compared with those of 70 controls (36 females, 34 males;

age range, 7–72 years; mean age, 36.5 years). Neither age nor sex

distribution was significantly different between the 2 groups. Investi-

gations were approved by the respective institutional review boards;

written informed consent was obtained by all subjects.

MR Imaging
In Brussels, participants were examined on a 1.5T MR imaging system

(Signa EchoSpeed; GE Healthcare, Milwaukee, Wisconsin) by using a

standardized protocol including the following: 1) a 5-mm-thick stan-

dard T2-weighted FSE image (TR, 2352 ms; TE, 80 ms) covering the

whole brain to rule out any organic brain disorder; 2) 5-mm-thick

standard FSE fluid-attenuated inversion recovery images (TR, 10 000

ms; TE, 12 ms; TI, 2800 ms) covering the whole brain and 5-mm-thick

T2-weighted gradient-echo images by using the echo-planar imaging

technique (TR, 1465 ms; TE, 16 ms; echo-planar imaging factor) cov-

ering the whole brain to rule out the presence of any parenchymal or

meningeal deposit; and 3) 2-mm-thick T1- and T2-weighted FSE im-

ages in the coronal plane covering the anterior and middle segments

of the base of the skull. The coronal T1-weighted FSE sequence was

performed with the following parameters: TR, 666 ms; TE, 10 ms;

section thickness, 2 mm without intersection gap; FOV, 170 � 136

mm2; matrix, 288 � 184 resulting in a voxel size of 2 � 0.59 � 0.74

mm3. The coronal T2-weighted FSE sequence was performed with the

following parameters: TR, 1737 ms; TE, 90 ms; section thickness, 2

mm without intersection gap; FOV, 170 � 136 mm2; matrix, 376 �

299 resulting in a voxel size of 2 � 0.45 � 0.45 mm3.

In Dresden, MR imaging was also performed by using a 1.5T sys-

tem (Magnetom Vision; Siemens Medical Systems, Erlangen, Ger-

many) with a standard quadrature head coil. A coronal T1-weighted

spin-echo sequence was performed with the following parameters:

TR, 600 ms; TE, 20 ms; section thickness, 3-mm contiguous sections;

FOV, 220 � 200 mm2; matrix, 512 � 512, resulting in a voxel size of

3 � 0.39 � 0.43 mm3. This was followed by a T1-weighted 3D gradi-

ent-echo sequence (magnetization-prepared rapid acquisition of gra-

dient echo) with the following parameters: TR, 9.7 ms; TE, 4 ms; flip

angle, 12° with isotropic voxels (1.0 � 1.0 � 1.0 mm3); and a T2-

weighted FSE sequence in the coronal plane covering the anterior and

middle segments of the base of the skull with the following parame-

ters: TR, 4800 ms; TE, 152 ms; section thickness, 2 mm; gap, 0.4 mm;

FOV, 128 � 128 mm2; matrix, 256 � 256; resulting in a voxel size of

2.4 � 0.5 � 0.5 mm3.

Data Analyses
Although the parameters for MR imaging were different between the

2 sites, this was deemed not to be of high significance because the

primary outcome measure of the study was simply the depth of the OS

in the PPTE. It was calculated by using the following procedure: The

observer browsed the coronal T2-weighted sections from anterior to

posterior and selected the first section on which the eyeball was no

longer seen. This section location typically corresponded to the so-

called PPTE, which cuts the anterior midsegment of the OB.13,20 Here

a straight line tangent to the surface of the top of the gyrus rectus and

to that of the orbital gyrus was drawn by using the electronic cursor.

The depth of the OS (expressed in millimeters) was measured by

drawing a perpendicular line connecting this tangent line to the deep-

est point of the sulcus (Fig 1).

Fig 1. Coronal T2-weighted 2-mm-thick view by using FSE in a control subject. It shows
how to measure the OS depth in the PPTE plane. A straight line tangent to the top surfaces
of gyrus rectus and medial orbital gyrus is drawn; the depth of the OS is measured by
drawing the most perpendicular line possible connecting this tangent line to the deepest
point of the OS. Fig 2. Average OS depth in PPTE in patients with IA compared with that of healthy controls

(95% confidence interval). The OS depth is significantly deeper in controls than in patients
with IA.

Descriptive statistics of OS

Minimum
(mm)

Maximum
(mm)

Mean
(mm) SEM

Controls (n � 70)
Age (yr) 7 72 36 17.6
Right OS depth at PPTE 8.4 28.8 13.4 4.1
Left OS depth at PPTE 7.0 24.4 12.4 3.4
Best OS depth at PPTE 8.4 28.8 13.7 4.1

Patients with IA (n � 36)
Age (yr) 7 79 38 18.4
Right OS depth at PPTE 0.0 10.6 5.5 3.4
Left OS depth at PPTE 0.0 11.0 5.3 3.4
Best OS depth at PPTE 0.0 11.0 6.1 3.6
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Statistical Analyses
Data were analyzed by using the Statistical Package for the Social

Sciences, Version 17.0 for Windows (SPSS, Chicago, Illinois). For

comparisons between groups of patients, we used an ANOVA (with-

in-subject factor was “side”; the between-subject factor was “group”)

and an independent-samples t test. The df was adjusted according to

Greenhouse-Geisser. The � level was set at .05.

Results
Descriptive statistics of the measures of the depth of OS in the
PPTE are given in the Table. An ANOVA procedure was used
to confirm that both groups were equivalent in terms of age
and sex (age, P � .79; sex, P � .14). Results also indicated that
patients with IA have significantly smaller OSs compared with
controls, both for the left and the right sides (t � 10.4, P �
.001) (Fig 2). This was also true when comparing depths of the
respective deepest OSs between patients and controls (t � 9.8,
P � .001) (Fig 3).

When looking only at the respective deepest OS in the
PPTE, we found that none of the healthy controls exhibited a
depth lower than 8 mm. In patients with IA, however, 10 had a
depth of the OS in the PPTE deeper than 8 mm, while 26
patients with IA exhibited a depth of the OS smaller than 8
mm. This observation resulted in a specificity of 1 (compare
with Abolmaali et al13) with a sensitivity of 0.72. In other
words, if the depth of the OS in the PPTE is �8 mm, subjects
exhibit IA; if the OS is deeper, this measure does not clearly
predict IA.

Discussion
In congenital anosmia, the length and depth of the OS have
been reported by others to be aplastic, hypoplastic, or possibly
even normal.9-11,19,21 In the present study, consistent differ-
ences between the depth of the OS in patients with IA and
controls were only found when measurements of these were
performed in the PPTE.

Results from the present investigation thus suggest that the
depth of the OS in the PPTE is a useful clinical indicator of IA.
Indeed, if the depth of the OS in the PPTE is �8 mm, it clearly
indicates IA with a specificity of 1. If it is deeper, the measure
does not clearly predict IA.

A previous study compared the depth of the OS in IA and
controls.13 It noted depths of the OS in IA of 5.0 � 3.3 and
6.4 � 3.4 mm, respectively, for the left and right sides, whereas
in controls, these measurements were, respectively, 8.8 � 1.5
and 8.9 � 1.4 mm, with a significant difference. In addition, it
showed differences among the patients with IA, separating
those with nonvisible OTs, which had a depth of the OS of �4

mm, and those with visible olfactory tracts, which had a depth
of the OS of �4 mm in the PPTE, and no overlap between both
groups in terms of the depth of the OS. This study thus showed
that the depth of the OS in the PPTE reflects the presence of
OTs and is useful in the diagnosis of IA.13

Taking advantage of a large number of patients and con-
trols, we concluded that a depth of OS of �8 mm clearly indi-
cates IA (specificity � 1). This finding is useful in daily routine
because the OSs are clearly visualized in axial and coronal
planes with standard techniques, while OBs and OTs are
sometimes hard to identify, mostly due to movement
disorders.

In addition, we know from embryology that the depth of
the OS is linked to the overall development of the olfactory
system. Specifically, it develops in concert with the projections
of the OT from the OB to the olfactory cortex.22 It might be
hypothesized that modification in the sensory input to the
brain could lead to changes in the morphologic development
in certain brain structures. This statement was indirectly
proved by a study of Hummel et al (2003),23 in which it was
demonstrated that the depth of OS in the PPTE was related to
overall olfactory function in healthy subjects. These specula-
tions indicate, at least in part, that the presence or absence of
sensory input leads to structural changes at the level of the
central nervous system. Such morphologic consequences of
missing sensory input have been demonstrated for other sen-
sory modalities (vision,24 audition,25,26 or the somatosensory
system27) when sensory deprivation is present during critical
periods of development. In the olfactory system, it is also well
known that olfactory deprivation due, for example, to a sino-
nasal disease leads to a decreased volume of the olfactory
bulb.28 However, no such study exists for the OS in humans.

Conclusions
The present study indicates that patients with IA have a signif-
icantly smaller OS compared with controls. The depth of the
OS in the PPTE is a useful tool for the diagnosis of IA. Indeed,
on the basis of the current data, a depth of �8 mm clearly
indicates IA. Due to the ease in measuring the depth of the OS
on MR imaging with standard techniques, its measurement
should thus be considered as a standard in the evaluation of
IA.
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